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A number of pentafluorophenyl compounds have been pre- 
pared and by measurement of their rae NnMr (SPectra, slmtormatilon 
has been gained concerning t-electronic interactions in these 


Mobecutes,, Methods of forming C_F Si (CH,).x (Where x = H- 


605 32 
CH, Cobar OCH, N(CH) 5 or N(H) CH] and RAMYC EF. [where 
Ree Ol CH Moe oi, Ge, Sh .Or Pb. and © = 10-8 >s OleNin| 


5 erie: 


are described and some interpretations of the spectroscopic 
results are proposed. 


Derivatives Of CoF Mn (CO). have been prepared by 


5 5 


Lepracement Of one carbonyl Group with the ligands P(CeH,) 3, 


AS(C OH.) 4, 


Sb (C¢H,) P(OC¢H,.) G HN and replacement of 


oy Sg Mak 


two carbonyl groups with P(n-C Hy) 3, P(OCoH.) 35 (CcH.) > 


PCH,CH,P(C He) » and CH,SCH,CH,SCH.. Carbonyl stretching 


Z fa) 

frequencies: and F nmr parameters are discussed in terms 

of changes in electron density in the molecules. 
Oxidative addition xmeactions have been carcrzed on on 


CpRh (CO) 5 (Cp = 1C and related compounds. Triphenyl 


Bay 
and tribenzylsilanes react with CpRh (CO) , to yield 


GpeCORhn(H)SiR, whereas only a bis-silyl derivative, * CpoCORh— 


a 


(SiCL is isolated from the reaction with trichioro- 


3) 2" 
sicLane. “Compounds of the type CpCOXRAMX 4 (M = Ge, Sn xX = Cl, 
Br or 1) have been formed by treatment. of CpRh (CO) 5 with 

the halides, of Ge(1V) and Sn(iy) what@e Ssn(il) chloride 


and bromide afford oligomeric and polymeric species. 


Reactions of CpRhP (CH,) »C¢H. (CO), CpIrP(C.H.) (CO), 


Digitized by the Internet Archive 
In 2022 with funding from 
University of Alberta Library 


https://archive.org/details/Oliver1970 


and CpRhP(C.H,) 4 (CoH,) with halogens and alkyl halides have 


been studied. Halogens gave dihalides with elimination of 
carbon monoxide or ethylene, often with evidence for an 


1ontcelnternmediatesaetgq. efCpirP ( (CO) X] x7. It appears 


eropaskic 
that ionic compounds were similarly formed from alkyl hal- 


ides (RX). Such derivatives have been isolated for iridium, 


i.e. [CpIrP (C, GovR) x . but the more stable products 


ee 
for the rhodium compounds mentioned above were CpRhp (CH,) 5- 


CoH. (COR) X and CpRhP (C;H,) RX respectively. 
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The Participation of "d" Orbitals in the 1-Bonding of 


Organometallic Compounds 


Barly in the development of organometallic chemistry 
it became clear that many observations in this field could 
Deaxvdtionalised by»a-bonds; involving. d orbitals. ‘Features 
Such as molecular geometry and the stability and reactivity 
of these compounds have been. explained using this concept. 

#nes51-Ciy bonds. in Sicl, were found to be anomalously 
Short compared to the value derived from sums of covalent 
radii and in 1934 this was attributed. to t-bonding (1). 
Shortly after, the multiple bond character of the metal-car- 
bonyl linkage in tetracarbonylnickel was indicated by 
measurement of the Ni-C distances (2). In fact the first 
proposal of such bonding in tetracarbonylnickel was made by 
Lengmuias403)9 ime d.92l4,, onjszthe. basis, of the electromeutradaity 
Pai neipie, buts atmthat) tame: there was little support for 
the new idea. A milestone was reached in the preparation 
ofs ferrocene. (4.-5)..in, 1951 -and m-bonding, was invoked, to 
explain the. quent) stability of this.anteresting) compound 
(6). 

Such examples of multiple bonding are usefully 
classified according to the nature of the t-orbitals which 
are involved with metal d orbitals, and by the manner in 


which this involvement takes place (7). It must be recognised 


if 
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that the d orbitals mentioned in the following discussions 
are likely to be hybrids having some pYand Ss *characeer. 
mie -general value of >the resulting ideas is, however, re- 
duced little by this simplification. 

Orbitals of d type may accept electrons from a p- 
orbital on an adjacent atom, (p>d)7T, or electron density 
neyo erenovecsErOm-~a dvorbital tota'pYorbictalre@etd-pym. «A 
EOrEOrEype is obviously (d-d)m ‘interaction: These classes 
are discussed below. 

(p-d) 7 Bonding - As already mentioned the bond eeoae. 


eming SmrstCl Cl)''was' justified on the*basts “of “a mr bond, 


4 
SpeciticaFliy= bywdonation “of Sp electrons’ from *chtorine "to 
the empty 3d orbitals of silicon. Althougn most chemists 
now believe this to be acceptable (8), alternative explana- 
tions were put forward to avoid the t-bonding proposal. 

The classic example of (p7d)a bonding was found in 
the compound trisilylamine, (HS) ,N, which was shown to 
be ‘planar (9)... The planarity was attributed to extensive 
delocaPisatron o£-*the nitrogen lone ‘pair inte *the si Preon 
3d orbitals. The very weakly basic -chearacter™ Of *the nitro— 
gen in this molecule had already been noted (10). Similarly 
(HSi) 5P has been found to be planar (11) although analogous 
germyl systems have a pyramidal skeleton (12). It should be 
realised, however, that planarity is not an essential re- 


quirement for m-bonding (13) with the result that (p-d)t 


interactions are not necessarily negligible in (H,Ge) ,P. 
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The SidSi angle in (H Si) 50 is consistent with some 
mt bonding and is accepted as 141° (14) although early work 
indicated that it approached 180°. The corresponding 


angle in (HGe) 50 eoukee > ..6°- and) an (H,Ge) Sates 5) Ora le 


2 
(15), thus making w-bonding likely in the former and not 
in the latter compound. Since angles cannot reliably be 
taken as measures of t-bonding, stronger evidence for 

this proposal is derived from the bond-shortening observed 
PeomeenesCe=O and not for Ge-S (15). From studies o£ 
trends in basicity, similar t-bonding has been proposed in 
many compounds containing the bonds Si-O, Si-S and Ge-O 
(16,17), although not unequivocally in the latter case. 

Some removal of mt electrons from a directly bonded 
aromatic system into silicon d orbitals has also been 
suggested (18) and indeed there is evidence for a similar 
PceractiOn Or silicon with aliphatic carbon (18): 

An nmr study using molecules enriched with a gave 
results from which the absence of (Si-N)1-bonding was 
proposed (19). It was later realised (20) that the results 
suggested only that the nitrogen was sp” hybridised and 
this does not eliminate the possibility of t-bonding (13). 
Confusion has also arisen in the mt-bonding of halogens to 
silicon, not in the general acceptance of such bonding 
but in the order of strength with the different halogens 
(21,22). It would be very surprising if the strongest 1- 


bond were to iodine (21), since there is no evidence of 
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of m-bonding from silicon to the heavier members of Group 


Vand Group. Vl, antimony and tellurium. 


(dep) t an vats —Rasily available, filled. or’partly 
rallied di orbitals are’ found in’ transition metalsvand= thus 
rt becomes’ possible that (d+p)1 bonding would” occur in 
which electron density is lost from the metal to suitable 
DreOrvitals of a Ligand, ) Such" bonding Uus*iconsidered to 
be present between transition metals and ligands such as 
Cono® cNear ONE (23) and Nee 24)% 

Thewponding inthe carbonyls 1S probably the mosemsuit— 
able representative Seana Since these derivatives are 
the most studied “and the best undérstood -(23)°. “The overzap 


Or a cilbied carbon o orbital ‘with an ‘empty ‘oi forbital -(1) 


is augmented by the 7m overlap of a filled d orbital with 


anemoty antibonding p orbital Cr) 


, 


gress “fo szeaigee Palys os G2. id bl ee ae ee 
he! 2 ‘ 4 +e » fi 


Pd s 
L Leot) 28 See sae 
= & ad . 7 : 
7 i 
i] 
_ 
7 in| oo it 2 a a ; pA { #1. iJ 
7 u 
7 
7 a ~ 
port : wes ; if iz 
a = te B 4 < od + - ¢} 
hy @ 4) =? . f 
= eae | 7 ’ ¥ ; q : 
“ J 
4 oe r? - ( 
ah (6S ‘ t * ; +0 
r. 7 
» 
: ‘ = « / 
’ . i 414 
- -- 
‘ al’* . f _ inwe er -¢% 
° 
nd Aid art @ ‘3 i >_4 
: «ve aoe 
—_ - is 
~ 
© ia ae id <2 f - 
» i f ad 
f , 
< ct al <i 
: +. 
—_ » & * 
* * _ 
< Caen a be A A 
f om ; 
j : J wn 7 4 
{3 0 We 
« s / , Mo ~ ’ 


i] 
‘ ewe *. ae 


. Lae USel Th = 6 Oo weirs 
: j 


@ 
—(e - 


eft 


ae . es, a 
"AT U4 - hoot BSD ca ey, 
1a ee Ae Der Al 


(Oa 
é 


Since the drift of electrons by one mechanism enhances 
Pie crirt in the opposite direction, by the second mechan~ 
ism, the bonding process is termed synergic. The result 
is a very low dipole moment for the M-C bond, suggesting 
pe close approach to electroneytrality.- Measurements of 
bond lengths and vibrational spectra are consistent with 
the multiple nature of the M-CO bonds. Especially 
important are the CO stretching frequencies since changes 
in these frequencies are greatly dependent on the amount 
GieeclecLronm densaty given ta the 1* orbitals, (25). Such 
“donation reflects the readiness of the other metal ligands 
to compete for d electrons and thus provides a qualitative 
mecnod to observe the m-bonding ability ofthese addi— 
Egoneal. ligands: 

| Other ligands which bond in Similer fashion to carbon 
monoxide, vary in their o-donor and t-withdrawal abilities. 
Thus isocyanides, although isoelectronic with co, form 
better o bonds and weaker mt bonds (26) and in the compound 
(CO) 5Mo (CNR) there is evidence suggesting that almost all 
back bonding is to the five carbonyls (26). 

Multiple bonding in metal perfluoroalkyls has also been 
proposed and strongest evidence comes from M-C bond 
arertenvas (27). THis 1s“attributed to di-o* bonding, 
despite the relatively high energy of o* orbitals. 

Considerations similar to those in the bonding of 


carbonyls also apply to the olefin complexes OL Ur dies eq 
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metals (28). In the case of the olefins their 7 electrons 


Back 


are themselves involved in the primary @ bond (IIT). 


bonding then takes place from the metal d to the Ligand’ 7 * 
orbital. This is called a ut bond to emphasise the differ- 
Bice between if and the bonding of a carbonyl group, Lor. 
example. 

Similar ideas may be applied to metal complexes of 
polyenes and acetylenes. The bonding of m-cyclopentadienyl 
and t-benzene complexes involves related processes but is 
peste described by, a molecular orbital, treatment C29) 300 
In such a treatment T orbitals are very important and in 
ferrocene are considered to be the chief source of bonding 


(200%; 


(d>d) 1 Bonding - Donation through a 7 system of pen- 
ultimateametalld eléctrons to an’ultimate’ d*shell of a 
ligand has frequently been suggested (7); prime examples 
arentraivatent Phosphonus or ,arsenic’or divalent~sulfur 
complexes with transition metals. CGheere and coworkers (31; 
32,33) have made an extensive study of such bonding in 


square planar derivatives of platinum. Thus in“a-trraiky!— 
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phosphine platinum compound there is a o bond between the 
3 

phosphorus 3s3p~ and platinum 5d6s6p~ orbitals and 7 with- 

drawal of electron density from the platinum 5dép to the 


empty phosphorus od *orbittals? (LV)20" Sama Teas although weaker, 


LV 


“tT withdrawal is thought to occur with ligands complexed 
EEL ougi ool by Serle reg T)44.Cl) Br or I. 

Mesquare:” planar complexes, and! <o-as lesser extent 
in octahedral, some groups have the ability to direct 
SubstLEucion into the position “rans\ "to themseives: andro 
affect markedly the rate of reaction (34,35). This is’ the 
so-called trans effect. An explanation of this effect 
uses the concept of t-bonding to increase the electron 
attinuty Of the metal “(32)\ and -to%stabili se thevantermed - 
ate (36). Thus observations of such reactions have led 


to a Scaling “of the relative w=bonding abrlities ‘of 


groups. An approximate ordering (35) Guy asynen, Gn , 
GhHPISPR, > SC(NH,), > NO, , I, SCN » Be cl Pa, 
H,0. 


Ordering by t-bonding ability has also been deduced 


by a study of the change in C-O stretching frequencies in 
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Pgand-substituted métal carbonyls (37). “Thies has lea 
Pouches Ollowing series (38), NO > CO > PF, > SbCl, > AsC1,> 
rer 4 P(OPh) , > CHC HNC > P (OMe) POPE eS tae Pies. 


3 3 3 2 3 
Such ordering does however overlook the undoubted differ- 
ence in gd, bonding properties of ligands (39). 

More recent work suggests that one-electron ligands 
bonded through Si, Ge or Sn are also capable of accepting 
feehecenonu “density from a transition metal (into their 
eroty orbitals (39). The group Snel, has a trans effect, 
and presumably a t-bonding ability, close to CN (40). On 
fepleacement of chlorine’ by aryl or alkyl groups the change 
in m—bonding remains unclear (39,41). 

Steuctuvral investigations “on silyl—-transveion metal 
compounds have revealed silicon-metal bond shortening 
(42,43) which was rationalised by (d?*d)t bonding. Such 
bonding may also be responsible for the observation of 
Contormatvonal effects (44) in the, infrared spectra of 
similar silicon compounds. Silicon 1S also) thougnt to 
be able to form (d-d)t bonds to adjacent silicon atoms 
(45), thus explaining the high stability of [(CH,),Si],5i . 
In such compounds, however, (p?d)1 bonding is likely and 
a@ifference between the two possibilities cannot be 
observed. 

Transition metals are also capable of m-bonding with 


themselves (46). The extreme example at the present time 


is Re.Cl ao 


oCle (47 “AGaoye which Nas an Re-Re bond order.or four 
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one bond of o symmetry, two of wt character (degenerate) 
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CHAPTER ~lak 
PREPARATION AND PROPERTIES OF SOME PENTAFLUOROPHENYL 
ee eR 


GROUP IV COMPOUNDS 


Recentywork at this laboratory (50,51,52,53) has 
shown a linear relationship between a coupling constant 
and a chemical shift which may be. obtained from the ae 
mmr spectra Of pentafluoropheny!] ‘derivatives. - Further 
HiomtasmDeen £Ound that, for a’ qiven compound, an 
pnaication of w-electronic interactions with. the penfluoro-— 
aromatic system may be gained from the appropriate nmr 
Parameters’. 

OF SOs tderable, Current interest is the m=bonding 
OL systems COntaining Group LV elements, particularly 
the.case of the silicon-nitrogen bond as noted in Chapter 
I. It therefore seemed pertinent to prepare a series of 
suitable compounds for use in a study involving this new 
method... in, this! chapter are, reported. the methods of 


preparation and selected properties of the compounds 


CoF5Si (CH) 4% (where X = H, CH Ce 5! OCH3, N(CH) 5 or 
N(H) C¢H,) and the compounds R,MYC He (R = CH. Or CoH, 
Mes Sa). Ge ‘Sn or Ph .and VY =O, .S or NE). Ap tew Of those 


compounds have been prepared previously by other workers 


1g _ 
although no detailed analyses of the Ff nmeospectra 


have been given. 
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RESULTS AND DISCUSSION 


Many methods of preparation for the compound types 
reported here are known. The most general and conveni- 
ent is the addition of the organometallic halide to the 
Preniumvsalt. This”salt. cam* almost invariably be 
Prepared from butyllithium and the parent acid, The 
formation of the lithium salt is most commonly achieved 
at low temperature, for in the case of a relatively 
strong acid, such as methanol, the reaction takes place 
very vigorously at room temperature. Moreover, in the 
case of the pentafluorophenyl and pentafluoroanilino 
compounds,.the lithium derivative is unstable at room 


temperature. 


Ow ul 
e705 CoF.NH. + n-C ,Holi a CoP.N(H) Li + CAH eS 


; A Dey, - 
CeP.N(H) Li ctr C1Sn (CH,) .—> CoFN(H) Sn(CH3) , te eC 


Agrveacttonewhich does nor fitithas pattern precisely 
is the reaction of pentafluorophenyllithium with dimethyl- 
diuchtoroca lane an’ 1:1) molar, ratio, ~The expected péenta-— 
fluorophenyl chloro derivative could not be found but 
bis (pentafluorophenyl) dimethylsilane was isolated in good 
VieloweiThicolis particularly intereseing since a previous 
attempt to form the disubstituted compound from the 
pentafluorophenyl Grignard reagent and dichiorodimeuby 1— 


Silane in 2:1 ratio had yielded only polymeric products 
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In the cases of the alkali metal salts which are 
stable at room temperature, the formation and use of 
the sodium salts is as convenient as the lithium salts. 
Their preparation may be achieved using sodium hydride 


(55)20r-sodium ethoxide, e.g., 


Nala C..d OH = -NaOC Be a i eae eee 


GAS 6%5 2 


+ C1Sn(C eH.) > Cek OSn (CH 


A 
NaOC_F 6fs5 


65 #teNaCly [21.4] 


573 
Phenoxides may also: be prepared from the phenol and 
organometallic halide by removal of the halogen acid 
either through boiling or through use of an amine as acid 
acceptor. Both of the latter methods. are reported to 
give better yields! for phenols than for alcohols (56). 
The latter method has in fact been used by Davidson et 
Sie) LO prepare (CeH,) ,GeSC.F,.. These workers also 
prepared the analogous lead compound very efficiently 


Pica. 


from Pb** (SC, and (CoH 


B52 513 
Of the compounds reported here only two appeared ¥to 

be unstable “over a period of six months. Pentatluoro-— 

anilinotrimethyltin became black due to some decompo-: 

Sition, and the corresponding phenoxy-derivative deposited 


white crystals which are almost certainly polymeric, as 


shown by their virtual insolubility in common solvents. 


Infrared Spectra, Although the spectra were not measured 
with the degree of accuracy necessary to attempt very 


precise assignments, they nonetheless proved to be 
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extremely useful. This was true not only with regabe co 
confirming the structure of the products; “but. eliso* in 
enowing the absence of starting materials and impurities. 
The principal peaks of the pure products are shown in 
Fania. 

All compounds exhibit the C-H stretches of methyl 
and/or phenyl groups which, as expected, occupy the 
régions 3030-2875 cm:+ and 3070-2980.cm~- respectively. 
The only bands which were observed above these regions 
ereuNaH Stretches of. the anilino derivatives..,The Si-H 
eccurs at 2165 eqn whereas 


Stretch vain (CH Si (H)C;F 


3)2 5 
2180 om + iS CONS UGGEeEdnan average Value foresuchn a 
Vioraeton §(58)). 

Pypicals aromaticeszretches are ‘observed in the 
region, 1670-1400 em + but often cannot be immediately 
assigned to Gither phenyl or pentafluorophenyl rings. 
One band charactéristically appears in the region 1065= 


1640 cm “1 


(59) for those compounds which have a CoF. 
group directly attached to silicon. This band must 
theretore be due to anvibratien.of the-~pentafluoropheny | 
ring perturbed by the central atom. The absorptions 
between 1460 and 1400 om + are observed only in the 
triphenyl derivatives and are thus assigned to 
vibRAtaone, of the unfluorinated aromatic systems. 


This is further supported as the Si-C;H, moiety 


characteristically produces a band at approximately 
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Compound 


F Si(CH3) 4 


FSi (CH,) 5H 


524 (CH) CEP. 


FSi (CH,) Br 


5 (CH, ) ,OCH, 


FSi (CH,) .N (CH 


F OSi (CH) , 
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infrared Spectral Data 
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(60), and other Group IV metal-phenyl systems 
could be expected to give similar bands. Probably the 
most characteristic feature of the spectra of all the 
compounds reported here is an extremely intense band 
between 1520 and 1460 cmt, with somewhat less intense 
Pends in the; same region. Since it is present in all 
compounds, it A matiowheaee| to a pentafluorophenyl aromatic 
SEneecn, 

The region 1400-1000 oy te dominotee by absorp- 
tions due to C-F bonds, these absorptions showing. their 
POmMet High antensity. 4lt Beetherefore difficult, to assign 
Unamovgquously any band in this’ region; in particular, 
bands are also expected from CoH.-M vibrations (61) and 
from Si-O vibrations. The SiCH, Group tYDuCally exhibits 
bands at 1250 and 840 cm~ (60); -andyin alivthesmethy 


Oat. 


silicon. compounds there is a band within 10 cm_ 
haguer value. Although the assignment to this group is 

Not without doubt, any other seems unlikely. Further, 

the lower band can also be accounted for, in alt “appropriate 
Seema ra band bemween 237 and 655 cme? 
Finally, at approximately 700 om? there is a 


Strong absorption in all triphenyl derivatives; this ts 


typical of rang Vibrations. 


ly NMR Spectra. The parameters obtained from the measure- 
Men Cet m8 nmr spectra are listed in Table II and some 


representative spectra are shown in Figures 1-4. 
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The compounds (CH MOR and (CH 


3)3 3)3MSR, where M 

is a group IV element and R an organic group are expected, 
On the Imsis of previous work (62), to exhibit methyl 
proton resonances at lower chemical shift for sulfur 

than for oxygen derivatives. This has been attributed to 
anisotropy in the metal-sulfur bond (62). The compounds 
Eeporrted here (labte If) do’not show “this typical order 
except for the silicon derivatives and even the Tt values 
in these compounds are very similar. This. implies that 
either there is an unusually large deshielding of the 
methyl protons in (CH3) ,MOC F,. or a large shielding in 
(CH) ,MSC;F.. 

Accomparison ~tedthe t value. of (CH) ,Si0CH, (62) 
3) 3510C EF. Showss.a° decrease of 0625 77 


iMnmtowtor the methyls directly attached to,silicon, 


Waubheachat. of -(CH 


whereas in the analogous sulfur compounds the decrease is 
Only. Wl t.. rt thus appears that the CoF. group causes 
somerdeshielding ands this is greatest for an oxygen 
compound. These facts can reasonably be attributed to 

a much greater donation of electrons from oxygen to the 
ring than from sulfur to the ring, With the resulting 
increase in the effective electronegativity of the 
pentafluorophenoxy-group. This would cause the “unusually 
large deshielding of the methyl protons Lh, tLhesoxygen 
compounds. This electron donationmes the wring is 2n 


agreement with conclusions reached on the basis of the 
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Compound Chemical shifts Coupling Constants 
Ber (ppm) (cps) 
Sa eet ae 
5 
119 
"ela, oy See ja Sn-CH, 
3 aes 
207 a6 =CH 
; 3 
G Beea(CH.):, 9.59 i 
C.F.Si (CH,) ,H° 9. 54° Be 65 120 
Ses oatcH )).C 1, 9.15 TG 
EPP era GH UB r CUA O AE D0 
: g 
G eSar(cny) Jocrs 9,49 Guay 7 
f h 
GC pea(Cit, EN CHY) «, 9.55 7.50 Dee 
ee nent (1) CH PUNE ot igs? BE, 6228 ine, 
Ge neosa (CHS), 9% 70 0.9 
BPH OCe (cin). Oneag 0.8 
: 57.8 
CeF,OSn(CH,), 9.39 
65.2 
ee Orb (CH), 8.49 
ee Soi (cH,). 9.67 0.6 
Be sca Gh) 9.43 0.6 
S. J ; 57.0 
€7%.Ssn(CH,), 9.49 
63.5 
CoP.SPb(CH.) , 8.64 . 
k ls 
6.80 es 
eS Nin) S71 (GH, ). 9.75 
9.55 Tue Pa 58.4 


CoF_N(H) Sn(CH,) 3 


2 Measured in CDCl. Solution at <0 Mc. 


4 Refers to methyl attached to nitrogen or oxygen or to a “proton 


20. 


attached to nitrogen or silicon. 
No reported value indicates a coupling of < 0.4 Cpse 


Figure l. 


YHSiCH, Jeo) COS, Jugip < 0-5 cps. 
Septet, YHSiCH, = jj 39 Cps. 

“cH,0-F = G'. 0 CDS. 

“CH N-F =i 029 cps. 


ridure 3. 
Figure 4. 
Bagure 2). 

: aoa se 
Peak broad in ~H nmr spectrum, however from Pamnmr 
spectrum coupling to meta and para fluorines both 
found: = 0.75 cps. 

a ee IBS, 

Peak broad in ~H nmr spectrum, however from Fon 
=U. Cpe. 
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PU OMG Spectra, discussed below. 


Further, the slightly larger couplings of protons 


to 19 3h and 207 


Pb in the oxygen compounds, as compared 
to the sulfur analogues, imply that the oxygen sub- 
stituent is somewhat the more electronedatt ve. » ins 

of course assumes that the coupling is primarily due 

tO the Fermi contact. term and that S Characters is 
concentrated in the bonds to the more electropositive 
substituents. 

ae is to be expected from previous results (62), 

t values in the dates and sulfur series follow the 
order Si Pon Ge 2 FD; (CONS tderable: UnGertaun uy, 
remains as to the reason for this order (63). 

Coupling from”ringsilucrines tovside chain protons 
has been discussed in detail by Burdon (64). The 
reasonable suggestion was made that coupling to fluorines 
Substituted in the ortho positions of a “phenyl ring 
takes place by a "through space" mechanism to an extent 
which depends on the nearness of the protons and fluorines, 
ana to a lesser degree on the relative crientattous of 
the C-H and C-F bonds. 

Tnuthewenies of Table 1h which result rom ichanging 
the Group IV element, increasing the atomic number causes 
a decrease in the coupling constant [e.g. in the series 
J 0.9 g@psS -hfomeaM=Si, 0.8.cps (M=Ge), 


Py es 
6. 5 CH, F 


S04) Cos. (Men on Pb)). galas gay be etre bured sto can 


(CH3) ,MOC 


increased distance between the methyl protons and 


o-fluorines which would result from the larger size of 
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24, 
of the Group IV element. A comparison of the coupling, 1S, 
CBs, 2h (CeP.) .Si (CH), With the published value of 0.4 
cps for (CEF.) .Sn (CH). (65) is consistent with the stize 
SELect. 

DE Particular -interest are ‘the couplings in the 


compound CoF.Si(CH,) 5H (Figure 1) where, despite a 
coupling of 1.0 cps between the methyl protons and o- 
fluorines, no coupling is observable between the proton 
on Silicon and the o-fluorines. It seems reasonable to 
suppose that F-H “through space" coupling would take 
place only when the two atoms can move to within a 
distance of less than the sum of the Van der Waals radii 
Gise.. <2 2.55 A) as has been suggested in the case of 

Pr cChrough ispace” coupling (66), Galéulackions on 


the compound C FSi (CH H using normal covalent radii 


6 aD 
and idealised geometry show that the methyl proton to 
o-fluorine minimum distance is considerably less than 


2.40 A while ssheesilacom proton to o=fluerine distance 


Ts) greater, thus’ the observed result’ isto be*expected.:. 


) 19 
ate NMR Spectra. The parameters obtained from F nmr 


Spectra by standard procedures (53) are listed Ln tabstes 
III and IV and an example of a recorded spectrum is 

shown in Figure 7. Most important of the parameters are 
the chemical shift of the p-fluorine (9,,) and the ortho 


to para coupling constant (J5,) sumce’ a plot of these=two 
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factors has been shown to reveal electron interactions 
with the pentafluorophenyl system (DU, 01, 02705), Hence 
only ? and J5, were measured for some compounds (53), 
Table IV. Plots resulting from the compounds reported 
here are shown in Figures 5 and 6. 

Oxygen appears from Figure 5 to be a strong donor, 
presumably by a (p*p)t donation. In analogous compounds, 
Sulfur shows a net m1 effect close to zero since any 
POMGieeprect, ESi’counterbalanced by donation of Lrg. 
erecerons to the vacant |/3d orbitals of sulfur. “The 
lone pairs on sulfur and oxygen are expected to have two 
possible modes of bonding: they can interact with the 
pentafluorophenyl group causing an increase in tT electron 
density in the ring, or with the Group IV element, except 
carbon, decreasing ring t-electron density. Thus the 
two competing bonding possibilities will have opposite 
effects on the pentafluorophenyl ring, which provide a 
means of estimating the extent of 7 bonding of oxygen 
Or sulitur to’ the Group iV element. 

Therorder of the Group LV elements appears from 
Figure 5 to be the same in both oxygen and sulfur series, 
and indicates that the tendency to form 7 bonds with 
oxygen (or sulfur) decreases in the series 51 > Ge = Sn > 
Pb. A possible explanation of this would be that the 
overlap between the Group IV vacant d orbital and the 
Group VI lone pairs is strongest for Silicon and 


decreases to lead. attempts to prepare the trimethyl- 
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carbon (t-butyl) derivatives were not successful. These 
points would be extremely valuable since they would repre- 
sent cases in which double bond formation by the Group VI 
element was possible only with the benzene ring. ypihe 
Points forathe phenol and thiophenol (53) Jare available, 
however, and their positions within the two series are of 
some interest. The phenol derivative is midway between 
Setiiantum andytin, which, would.indicatesthatwhphe Ssitcon 
and germanium are acceptors, .tin and.lead.are +n donors 
relative to hydrogen. 

These estimates of the t-acceptor properties of the 
Group sLV elements are in general ,accord wwitheconclusions 
reached by other workers (16,17,67). The published studies 
consisted of observing the base strengths of Group IV 
element derivatives of nitrogen, oxygen or sulfur with 
respect to a reference acid. « Base .strengins “anes of icourse 
reduced when there is delocalisation of the lone pairs 
Of nitrogen, oxygen or? subfun, anto ther Group ,tVrelement 
d orbitals. Thus silylamines were observed to be weak 
bases whereas aminotin compounds were strong, in fact 
stronger than simple organic amines. 

The electron donating properties of tin and lead have 
been explained in terms of electronegativities and 
inductive effects. In the light of this study, however, 
it may well be possible that tin and lead are exhibiting 
m-donor properties. 


For the sulfur compounds, the thiophenol appears 


onary 


close to tin and lead derivatives (Figure 5) and silicon 
and germanium again act as T-dacceptors, Thus the 7-— 
acceptor properties of germanium seem stronger with 
Sulfur than with oxygen, which also agrees with previous 
Seudies «(17s).. 

The Joy and Py values of several pentafluoroaniline 
derivatives are shown graphically in Figure 6, with 
positions indicating some donation of the nitrogen lone 
pair to the pentafluorophenyl ring. Replacement of 
hydrogen in pentafluoroaniline by a group capable of T- 
bonding with nitrogen should reduce donation to the 
pentafluorophenyl ring. In the series CoP. -N(H)R, Tr 
donation by R to the pentafluorophenyl ring increases 


in the order B(C.H GuC ens Si(CH,) 


See 5 3 oa 


The expected nitrogen to boron (p>p) w bonding in the 


aad ges Sn (CH, ) 


boron compound reduces the donation of the lone pair 


to the pentafluorophenyl ring. Since no change ‘un the 


24 
aniline 1s Substituted by either a methyl or trimethyl — 


and %» values is found when One Of Ehe provons so: 


Silyl group, it 1s concluded that there 1s no appreciable 
m character in the nitrogen-silicon bond in N-trimethyl- 
silylpentafluoroaniline. These results are in contrast 
to some other studies of Si-N bonding (Chapter I) and 
also in contrast to the analogous oxygen and sulfur 
compounds. 

The above discussion uses the pentafluorophenyl 


group as a test ligand attached to the more electronegative 
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atom of a bond between a Group IV metal and Oxygen, suliur 
or nitrogen. It seemed appropriate to confirm the results, 
particularly the interesting results with a silicon-nitro- 
gen bond; by attaching the pentafluorophenyl group directly 
coo ene metal. “Thus ‘the series of compounds CoP. (CH) ,S1ix 
Cae CH3, CoF., OCH., N(CH.) 5 Or N(H) C,H, ) was prepared 
and the resulting J54 and 7 values are shown graphically 
mir ogjure 6.) thervmajyor factox governing (the positions on 
this plot is considered to be the ability of silicon to 
Warncdraw 1-electron density from the: aromatic: ring to its 
Omi ao Orbatals {18,68,69).. The minor changes within the 
series, somewhat surprisingly, do not show a dependence 
on the t-bonding ability of the group X and appear to 
Terec othe electronegativity of Xs. Avsmald anerease! in 
Joy thus results from an electronegative substituent on 
Sila con., rhs mis further contimmed by ‘a, change anvthe 7 
Values of the methyl groups on silicon (Table If) an 
almost exactly the same order as the change in Jo yi low T 
values are usually associated with electronegative sub- 
stituents. 

Te ds thought that-only to inductive (elecuro— 
negativity) effects are transmitted from a substituent, 
Z, to the aromatic system in a benzyl compound CoH. CH,4. 
Then from the above discussion the compounds C.F. (CH,) .S1X 
may be considered as similar to pentafluorobenzyl deriva- 


tives. Spectral data for those pentafluorobenzyl compounds 


which are commercially available is shown in Table III 


and Figure 6. oheyplok. of Jon vs o> indicates that the 
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S54 
BuO seEtuents |) (Oi, -COGl,=-Br) on the benzyl derivatives 
are electron withdrawing relative to hydrogen (in 
C.F, CHoH Gos.) 5 ? ALS Sel Joy = 0). The -OH group is 
a good t-donor when directly attached to a perfluoro- 
aromatic system, however its apparent withdrawing 
ability can be rationalised by its o-inductive electro- 
MeGgativitcy effect which would be expected to be 
dominant in this benzyl derivative. Presumably the o 
MHauctive effect is mainly responsible for the with- 
Uvawang ability of ‘the —COCl and -Br groups although 
these groups are expected to be withdrawing by both 


o and t mechanisms. 
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All reactions were carried out under anhydrous 
conditions with a nitrogen atmosphere. Hydrocarbon 
Solvents were dried over sodium wire or 9.53 sodium/lead 
alloy . Anhydrous diethyl ether was used as obtained 
from commercial sources and tetrahydrofuran was dried 
by distillation from lithium aluminum hydride. 

Fractionation were normally carried out in 
Vacuum—jacketed Vigreux columns, fitted with a modified 
Perkin Triangle when reduced pressure was used. In 
those cases where a second fractionation was necessary, 
a concentric tube column was employed. 

Methods reported in the literature were used to 


prepare bromotrimethylgermane (70), trimethyllead- 


bromide (71), bromotriphenylgermane (72), and triphenyllead 


chloride (73). Other reagents are available commercially 
and were used without further purification. 

Microanalyses were performed by Alfred Bernhardt 
Mikeoenuiayeisenes Laboratorium, Mulheim, Germany and by 
the microanalytical laboratory of this department with 
results given’ in Table) VE. A Spencer, 124lerefractometer 
was used to determine the refractive indices (Table V). 
Infrared spectra were measured on a Perkin-Elmer Model 
337 (grating) spectrometer with a polystyrene film as 
reference. Proton and fluorine magnetic resonance spectra 
were obtained with a Varian A56/60A spectrometer and mass 


spectra were recorded using an A.E.1I. MIS. 9 Minster ec . 
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Method A. es 


Preparation-of CeF5Si(CH,) .. A solution of n-butyl 
lithium in hexane (31.3 mae mmol) was added slowly 
to a solution of pentafluorobenzene (7.8 g, 47 mmol) in 
40 ml of anhydrous diethylether. The mixture was warmed 
Coma! OC (Stirred =for 30 -mint- and cooled again (to —70°. 
Trimethylchlorosilane (5.19, 47 mmol) was added slowly 
and the mixture allowed to attain room temperature. The 
Peeci pi eale Oma tLolum chloride was filtered off and 
Solvent Stripped off under vacuum. The remaining liquid 
was fractionated to give pentafluorophenyltrimethylsilane 
Core) 92/59 Sain alae ow Oa mmol) y 

By the same method CoF.Si (CH) 5H was prepared 
from dimethylchlorosilane. The compound (C.F) Si (CH), 
was also prepared in this way using aie tear Os 


pentafluorobenzene, n-butyl lithium and dimethyldichloro- 


silane. 


Method B. 

Preparation of CF. Si(CH,) Br. To pentatluorophenyldi= 
methylsilane (8.68 9g, 38 mmol)» in 20 ml of pentane, bromine 
(6.0 g, 38 mmol) was added very slowly in 30 ml of the 

Same solvent. The solution was stirred for 1 hr, after 
which time the bromine color had virtually disappeared. 
Pentane was pumped off under vacuum and the less VOlaoule 


liquid fractionated under reduced pressure to yield 83% 


©f producge(bepr 5654120, mm). 


a 
4 ae 
\ ieveitalt 
* <=> « 
; “? 


> 18 f AS Te =x 
r : — - 


i ia 


r- Oi- * 


itomiga 


£6 : 


Ni Pf, 0,2) 


2 


: ¢ 
‘Loe Squge) 


7 ss - 
: =“4 Pj ip Ertw ry 7 
a i 


y Seaton’ 1) 
: neal 4 


38; 
Metnod -C. 
Preparation:.of CeF5S2 (CH) ,0CH,. Methanol SG. sO toys 32 


mmol) was mixed with 30 ml of pentane and 13.4 ml of a 


2.5M solution of n-butyl lithium (34 mmol) in hexane 
was added very eslowly “ats-70°: “Atter stirring ‘for 15 
min, pentafluorophenyldimethylbromosilane (10.2 Geiss 
mmol) was added and the mixture allowed to attain room 
memperacure. Lititnum bromide was filtered joff after 30° min 
and solvent removed under reduced pressure. The remaining 
PeouLa wes Eractionated to give. the product (bp. 45°72.0 
Pony woraen og, 24 mmol) . 

The compound CoF_Si(CH.) 


N(H) C,H, was produced 
in the same way using aniline in place of methanol. 


2 


Method D. 

Preparation of CpF.Si (CH) ,N(CH,) 5. EOva, SOLUELOn aor 
pentafluorophenyldimethylbromosilane (17.5 g, 57 mmol) 
in 50 ml of pentane was added 10 ml of dimethylamine 
(158 mmol) at -70°. The mixture was allowed to reach 
room temperature and was stirred for 30 min while excess 
amine evaporated. The amine salt was removed by 
filtration, spentane ‘stripped: of f cunder Ivacuum@and "the 


residual liguid distilled under reduced pressure. The 


product was collected at 49°/1.2 mm in 69% yield. 


Method E. 


bed 


Preparation of Cor OSi (CH) 3. Pentafluorophenol (12.1 g, 
68 mmol) and trimethylchlorosilane (7.4 g, 70 mmol) were 


refluxed together for 20,hr. The resulting liquid was 


25 a> mut 
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oe ie 
fractionated twice under reduced pressure to afford the 


RBroduct in 32% yield. 


Method F., 


Preparation of C¢F.0Sn(CH,) .. Sodium pentafluorophen- 


oxide was required for this preparation and was formed 
in the following way. Clean, dry sodium (1.11 g, 48 mmol) 
was placed in 50 ml of THF and ethanol (5 ml, 86 mmol) 
was added carefully. When no metallic sodium remained, 
Pentarluoropnenol. (8.95. ¢, 49 mmol) in 10 ml of THE was 
added. This mixture was refluxed for 30 min and all 
solvent removed under vacuum. The remaining white solid 
was washed twice with pentane to yield moderately pure 
anhydrous sodium pentafluorophenoxide (8.2 g, 40. mmol, 
Mase toe (decomp) ) . 

To Taso lu ror Or saamecnyl tin Chlorlden (2... Gy 
12 mmol) in 25 ml of benzene was added sodium pentafluoro- 
Poet tae (5.09, Lo mmol) dissolved air 25° Tl “or ware. ihe 
mixture was refluxed for 1 hr, allowed to cool, and the 
Srecloreatelor sodium chloride filtered ore. “Ine rietrate 
was evaporated until’ only a viscous” liquid remained, 
This liquid was fractionated under. reduced pressure to 
give the product at 70°/0.7 mm. 

The analogues C.F,0Ge (CH) 3 and C.F.OPb (CH) , 
were prepared in the same manner Staggering Lrom the 
appropriate trimethylbromo compound. Pentafluorophenoxy- 


trimethyl lead was purified by recrystallisation from 


benzene. 
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Method G. 
Preparation Of CoP 0Ge (Ce H.) 3. A solution of pentafluoro- 
peenol Ul. 68 <q, 9.1 iS in 10 ml of benzene was added 
to triphenylbromogermane (3.5 g, 9.1 mmol) in 30 ml of the 
same Gee To this was added slowly triethylamine 
errevemnl, 9.1 mmol) in 10 ml of benzene. The resulting 
mixture was refluxed for 4 hr, filtered and the filtrate 
€vaporated to dryness. The residue was recrystallised 
twice from pentane to yield pure pentafluorophenoxytri- 
paenyigermane (2895rgq,\6%1 mmol); 


oy) 


the corresponding chlorosilane using pyridine in place 


Ssumilardey. CIF OSI (C.F) Was prepared from 


of triethylamine. 


Method H. 

Preparation of C.F,0Sn(C,H.) 3. A 49% oil dispersion of 
sodium hydride, (0. 75 ¢g,° 15 se was washed twice with 
pentane, dried with a stream of nitrogen, and 7 ml of 
Tok acdded « .Pentat luerophenol. (2.5 -g,. 14 mole ane 25 mi 
of THF was added dropwise to the hydride. The mixture 
was warmed for 10 min and treated with triphenyltin 
chiompide (5.2 q,) 14 mmol) in. 15°ml cf Tek. jAtcer ret lux] 
ing for 4hrand cooling to room temperature, the fine 
precipitate of sodium chloride which had formed was 
filtered off and the filtrate evaporated to dryness. 

The remaining solid was recrystallised twice from pentane 


to yield the pure product (4.05 g, 7 mmol). 
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im the case: of CoP SOPb(C.H.) , prepared in this 


way, separation from (CH, ) PbCl was found to be very 


difficult. It was best achieved by several recrystal- 


lisations from chloroform solution. 


Method I. 


Sa (CH,.) 


Preparation of .C 3° Pentafluorothiophenol 


6's 3 
eo il, Ss) mmol) in 10 mil of diethyl ether was: added 

fom cnupiiivor, 1,50 n-butyl Pithium: (37 reeaieials in hexane 
auy-/0-. The mixture was allowed to attain room  temper— 
weure and reriuxed for 20 min.  Trimethyichlonosiidane 
(4.71 ml, 37 mmol) in 10 ml of diethyl ether was added 
and the mixture again refluxed for 20 min. After 

fi teraction and removal.of.soeivent from, the filtrate at 
reduced pressure, the resulting pale yellow liquid was 
fractionated at low pressure. The required product was 
Corornecdlas, a colortess Jaquid (b.ip:--53°/70.2 mm, 2.570; 
SZ > mmo) 

All.OoLner pentalluorothiophenoxy-derivatives were 
obtained by methods very similar to this. However, 
eetrecayiiesa and all the triphenyl compounds were 
purified by recrystallisation from pentane; the only 


exception to this was C.F, SPb(C¢He) 3 for which acetone 


was found most useful. 


Method J. 


Preparation of C.F_N(H) Sn(CH,) 5. To a 125M solution of 
Reece eel ee Ot) eee 


n-butyl lithium (26.7 ml, 40 mmol) in hexane at 70° was 
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was added pentafluoroaniline (7.32 g, 50 mmol) in 40 ml 
of diethyl ether. The mixture was allowed to attain Oitee 
ae which temperature slight decomposition begins. Tri- 
mothy bein chloride) (7.97, g,.40 mmol). in, 30°ml of diethyl 
Sot was added “quickiy,. After refluxing for 3 hr, 
fiebeoning dand stripping, off the solvent from the filtrate, 
the. remaining liquid was. fractionally distilled. -At 
toy lat mm, the pure product «(10.5 g, 30 mmol) was 
obtained. 

The analogous silicon compound CoF.N(H)Si(CH,) , 
was prepared by a Similar procedure. 
| Also prepared by this method from diphenylboron 
chloride was CoF,N(H) B(C;H.) 5 but Since sthis produce 
MomomveT A viscous liquid and wiitticult to distilethe 
compound could not be obtained analytically pure. 
HoamomGm==O oes) Hua 4s 6 peCalCuLateciC =) G242 747 
BH = 93.20%. The product appeared pure by re and aoe nmr 
spectroscopy, and its identity was confirmed mass 
spectrometrically (measured mass of molecular ion, 


347.0902: calculated mass 347.0903). 


TABLE V 43. 


Physical Properties and Synthetic Methods 


es 


ee 


Compound mp* Orrbp ne Method ee ie 
Be Si(CH,), 170°/693 mm? 1,4317° A 663% 
C.F Si (CH,) 5H 157°/685 mm 1.4296 A 602 
ape ei(CH.)5C_F. 79°70 .3 mam Leaou: A 70% 
CoF,Si(CH,) ,Br Dion 8/1. 0 mim 1.4643 B 83% 
C.F.Si(CH.,).,0CH, 45°/2.0 mm 1800s e @ qe 
CoF,Si(CH,) ,N(CH,). 49°/1.2 mm 1.4448 D 693 
CoF,Si (CH) .N(H) C,H, ie ye Aran IL Susy! C 543 
C.F .0Si (CH). BO°7 7.5. tL sie E 32% 
CoF,0Ge (CH,) , 41°/0.6 mm 1.4402 F 383 
C.F.0Sn (CH) 7027/0 .7 rom W9A767 F 673 
CoFOPb (CH) , mp 161-163° F 46% 
eereOsi(C.H.) , mp 95-97° G 73% 
CoF.0Ge(C pH.) 3 Te OO G 67% 
CoF,OSn(C.H,) , ip) Vs=i5. H 52% 
CeF[OPb(C.H,) mp 136-137° H 9% 
GPE SSi(cH,). 53°/0.2 mm 1.4688 i 25% 
C.F.SGe(CH,) , 52°/0.5 mm 1.4920 I 533 
€,F.sSn (CH). 6A 7 Ores ee SG 2Se I Boe 
CoF_SPb (CH) 5 mp. 32" is 37% 
Bee eosi (CoH), mp 91-92° I 43% 
CeF,SGe (C,H,) mp 97-99°° I 60% 
CoF.Ssn(CcHe) 3 mp 84° L 44% 
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TABLE VY (continued) 


iE 


CoF-SPb(C.H.) 4 MDs, 95-96" a 83 
Bae) Ot \CH,) 45°/0.8 mm 1.4470 J 55% 
CoP.N(H)Sn(CH,) , Fol /O £4 om 2 A949 J 76% 
a 


All melting points determined using Kofler hot stage micro- 


scope. 

it: bp. 60°/14 mm (54), 170-172° (74), 165° (75), 56°/9.0 mm 
(76). 

Cour: neo POAT (75), noe 34307 YC FO 

<a | 20 
fee bp. 62°/0.001 mm and n, 1.5244 (77). 

Bebit: mp. 96-97° (57). 

£ 


Lit: mp. 95-96° (57). 
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TABLE VI 45. 


Analytical Data 


Analyses 
ra CAL Cd Fp 
Compound C H F e H F 

CeFLS1i (CH) 2 EO - Sree 45.1 Capes 
CoF.S1i(CH3) 5H Loe Oo eee 42.5 Sieday Paes 
CeF,Si (CH) oC oF. ce a aalaeel pale tbs pag NAR) 
CoF.Si(CH,).Br Siero )7 2.60 Saree UL, 
CoF_Si (CH) ,0CH, NOT | Von eo he 41.7 3.20 tS Onto 
CeF.Si (CH,) N(CH). 44-56 “458 44.8 4.8 
CoF,51 (CH) .N(H) CH. Soe 0) wal DSi 4.2 
CeF.OSi(CH3) 3 ADS 21 eS 2 Ou onl 42.4 Sty 6 rere 
Co F.0Ge (CH) , SP) toy bos Oe One 361 EAS mee tS 
CoF,OSn (CH,) , Sigil as Ol Pah 323 2 elle ewe 
CoFFOPb (CH) 3 Zanes 2 el 25210 PA eh 
CoF.OSi (CH) , GOR 27 iS waheeZilbao CS 34.4 oe A 
CeF.0Ge (CH) , Bowes /3 LC Loe Dor CW mee i Be es: 
Co F,OSn (C.H.) 5 545.18 25-9 2 6 54.4 Bibde ted ATEN Y 
Co FLOPb (C-H.) 5 462501254 Lone 46.5 AiO) noe a 
CeF.SSi(CH,) 3 390757 3.3) S479 SOG Oo Oa 
CeF.SGe(CH,) 5 SA eee OO 34.0 Aico eo OveoL: 
C.F.SSn(CH,) . ROR om ta Decowe S10 w) 20) 20 iG 
CAbrSPbACHA) 5 — EO ese Bi 20 RGN eae oe 
CoFLSSi(C cH.) 3 Oe ear ene OL O2e0 SO tee ow 
CoF.SGe (Cp H.) 3 BT Sl eed Sg ak Sad) ol BeS 
CoF.SSn (C,H) 3 Sper ame A ais! D220 a0 
CoF_SPb(C.H.) 3 a5. 2. 22 ae 45.6 ie Die ey ee 
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CoFLN(H)Si(CH3) 3 LE he Sees A216.) 4, 
CoF_N(H) Sn(CH3) 4 SS 4 GAN een Be Ave or 
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TABLE VI (continued) 


Confirmed by exact mass measurement of parent ion; 


calculated mass 452.0111, measured mass 452.0109. 
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47. 
CUA TER kw 
THE REACTION OF LIGANDS WITH PENTAFLUORO- 


PHENYLMANGANESE PENTACARBONYL 


19 ! 
Ene Use 1OL Evnmr spectra in. studying m-electronic 


interactions in the pentafluorophenyl group has been 
Pemonstracted, in Chapter Il. It seemed that this method 
might further be applied to the study of t-bonding in 
metal carbonyls and the carbonyl stretching frequencies 
should provide an alternate means of gauging m-effects. 
With this idea in mind a number of pentafluorophenylman- 
ganese pentacarbonyl derivatives have been prepared and 
studied by infrared and sa) NMNE-SPECELOS CODY a) lhc 
findings proved to be in general agreement with con- 
clusions reached by Stewart and Treichel (78) from a 
comprehensive study of the analogous monofluorophenyl 


compounds. 


RESULTS AND DISCUSSION 

Starting from manganese pentacarbonyl bromide, 
pentafluorophenylmanganese pentacarbonyl has been pre- 
pared by two groups using somewhat different methods 
(79780), An adaptation of both procedures wag used for 
Ehieestudy.—riewease Of formation. of pentafluorophenyl- 
lithium (Chapter II) makes it most convenient for reaction 
with manganese pentacarbonyl bromide. For efficient 


purification, chromatography on alumina and subsequent 
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48. 
vacuum sublimation consistently gives yields of product 
in excess of 60%. The compound is white when absolutely 
Pure mbout discolors slowly. 

Recently an "improved" method of synthesis has been 
eponied (81). This involved the reaction of manganese 
pentacarbonyl anion with bromopentafiuorobenzene to 


ee tord) CAreMn(CO) in 47% yield. Rausch (80)) had prepared 


os 5 

this same compound in 47% yield some seven years earlier. 

Substitution of pentafluorophenylmanganese penta- 
carbonyl by various ligands has been achieved by treatment 
With free ligand, usually with the assistance of heat or 
ultraviolet light. As would be expected, the substitution 
reactions resemble those of other manganese pentacarbonyl 
systems, particularly the phenyl and bromo-derivatives. 
An exception is the reaction of triphenylphosphite, in 
which , only a monosubstituted derivative is formed even 
when heat and excess ligand are used. This feature is 
analogous to the reaction of the monofluorophenyl compound 
weth triphenylphosphite (78). Disubstituted tripheay l= 


phosphite complexes are easily obtained in the cases of 


Mn (CO) ,Br C32) and Mn (CO) .C¢H. (83,84). 


Untrareawspectra. In the monosubstituted complexes 

the patterns of the terminal carbonyl stretching frequencies 
(Table VIII, Figures 8-11) are very similar to those 
reported for the compounds ets-BrMn (CO) ,L (Sha) 


ets—-CeH.Mn (CO) ,L (83 486), sand ets—-FC,H,Mn (CO) ,L oun, 
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Suggesting that the pentafluorophenyl group and substituting 
ligand (L) are also ects-to each other. During the prepar- 
ation of these derivatives (with the exception of L = pyri- 
dine), an additional strong infrared band was observed, 
presumably due to the formation of some trans species. 
Attempts to isolate such species were unsuccessful. 

The bis-substituted derivatives are of two types: 
those having one bidentate ligand and those having two mono- 
mentace Jigands. This division is evidenced in’ the 
Spectra (Figures 12-15). The infrared spectra of the 
bistri-n-butylphosphine and bistriethylphosphite derivatives 
show a close resemblance to those observed for Mn (CO) ,L,Br 
(82), where it was concluded that the donor ligands were 
mutually trans. Thus it may be supposed that a similar 


arrangement is present in the derivatives reported here (V). 


Cos CeFr CeF5 
Ls. | -CO OG | 760 OC. | wl 
Ma Mn. Mn. 
oc™ | ~ om | ~L oH | NL 
CO L oe) 
V VI ata 


The intensity pattern (weak, strong, strong, in order of 
decreasing frequency) does not exclude an arrangement in 
which one phosphorus ligand is trans to the pentafluoro- 
phenyl group (VI); however, such an arrangement is unlikely 


in view of the magnetic equivalence of the two phosphorus 
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I). 
atoms in the bistriethylphosphite complex (see nmr results 
below). 

Coote Oren shana, the®bict] 2 diphenylphosphino) - 
ethane and 2,5-dithiahexane derivatives must, by the 
structure of these ligands, be substituted at adjacent 
Sites. Consistent with an all ets arrangement for the 
carbonyl groups (VII), these derivatives show three 


carbonyl stretching bands of approximately equal intensity 


eye cheir infrared Spectra. In contrast, the appearance lof 
only two bands in the infrared spectrum of Ce H_Mn (CO) ,- 
[(CoH.) ,PCH,CH,P(C,H.) 5] resulted in the proposal ((86) “that 


EWwO Of the carbonyl groups are trans to each other with 
all carbonyl groups cis to the phenyl ring (analogous to 


aL) « 


“ae NMR ODPeCELa:. Analysis of the Tea HME eS PeCLras was 


effected using well established methods (51,53) and the 
resulting parameters are listed in Table VIII. Asa 
typical example, the spectrum of CoF.Mn (CO) « in.acetone 
solution is™ shown™in’Figure»16.° Acetone was used as 
Sqlvent rather than the more common benzene; thrs modity 
Gation was necessary aS not all of the compounds, prepared 
were sufficiently soluble in the latter solvent. Such 4 
change in solvent fortunately did not greatly alter the 
nmr parameters as may be seen from the results for 

CeF.Mn (CO). and C,F,Mn (CO) ,Sb (CH) 3 (Table TIT)... Acetone 
did, however, reduce the stability of the complexes, 


Barticubarly those ot pyridine and 2,5-dithiahexane. The 
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in acetone solution. 
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problems of insufficient solubility and decomposition meant 
that some coupling constants could not be evaluated. 
Examination of the nmr parameters was EXPEC CECd are 
show a linear relationship between the coupling, constant, 
Jonas ang the p-fluorine chemical shift, Oe as has been 
mound LOr-a Large number of compounds (51,52,53). A 
measure of the changes in t-electron density could then be 
Gualitatively determined. It might be considered that a 
more quantitative approach could be taken by determining 


(Si) and 6 (88)... This assumes thae che 


the parameters o R° 


al 
equations which have been set up relating nmr results with 
these parameters (see equations 1 and 2, Table VI, reference 
51) may be extrapolated to the compounds reported here. 

jhe equations were actually derived for only eight "common" 
organic substituents. Nevertheless an attempt was made to 
determine values for Oy and Op but the results, particularly 


Tor, 0 were at variance with those which were hopefully 


qa 
expected. 
For example, in the case of CoF.Mn (CO) ., calculated 


Hatt DaLamecers are Oo, = + U3 3 and Ono: aw O%, Zar ene VoOrmer 
value would imply an inductive withdrawal by the penta- 
carbonylmanganese group. Thus electronic interactions 


with the pentafluorophenyl group cannot be reliably deter- 


mined by this method although reasonable results have been 


obtained for monofluorophenyl derivatives (78). Further 


investigation will be required to discover why extrapolation 


7s now Vvalla ain the. former case. 
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The qualitative relation between Jo or ve and 1T- 
bonding to the pentafluorophenyl ring seems to remain 
tenable and Joy values near zero in all cases imply that 
the manganese carbonyl substituents are weak m-donors | 
relative to hydrogen [for CoP .H, J5, = 1.3, oP al vie se 
(51,53) ]. .Substitution of carbon monoxide by another 
ligand certainly changes the nt-electron distribution as 
eyicdenced by a shift in the stretching frequencies of 
[ie remaining carbonyl groups. If a poorer T-acceptor 
such as triphenylphosphine replaces carbon monoxide then 
an increased donation of metal electron density into the 
m* orbitals of the remaining carbonyl groups may be 
expected. This implies a general decrease in the CO 
stretching frequencies as is observed. Some increased 
donation to the t-system of the pentafluorophenyl group 
might also be anticipated and this should be evident from 
the oh mmr results. Although changes in ? are rather 
small there is confirmation of the m-bonding proposal for 
the values of oe seem to increase with increasing replace~ 
ment of peaony | groups. Theelack of iniluence on enc 
aromatic system by such substitution can be eusnena Teel eto 
either to poor overlap of the aromatic t-system and the 
T-System on the metal or to a more facile change: Of ai — 
electron density in the carbonyl system Conpered= cor tie 
pentafluorophenyl ring. 

Of particular interest is thewstow shielding of the 


o-fluorine atoms in these manganese compounds, which in 


fact exhibit the lowest $, values of any reported penta- 
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Piuorophenyl derivatives. A large paramagnetic contribution 
to the Bacecains is to be expected by analogy with the mor 
nmr results for « fluorine atoms present in perfluoroalkyl- 
metalbrcomplexes =(89). However, in contrast to these per- 
fFluoroalkyl complexes, pentafluorophenyl derivatives show a 
higher sensitivity to the electronegativity of the atom to 
which the perfluoro-organic group is attached (51,53). Thus 
the shift to low field of o-fluorine atoms may be attributed 
to the major effects of low-lying excited energy levels 
mixing with the ground state of the molecule to cause para- 
magnetic screening (90), and of the relatively electro- 
positive nature of the manganese atom. 

In a few compounds it was possible to measure the 
Pouplang Of phosphorus to 'p-fluorine. Thus the p-—fluorine 
nmr spectra were observed as triplets of doublets for mono- 
Suoetituted compounds or. as triplets of triplets for disub— 
emeruced derivatives. .A triplet of triplets would aliso be 


expected 1f J were significant and the phosphorus coupling 


24 
Were negligible.’ A value of Joy close to zéro 25, however, 
@-pected in view of the Us values and the quite firmly 


established J - ue relationship. We believe therefore, 


24 
that the assignment of the smaller coupling to phosphorus 


is correct and this is consistent with the phosphorus coupling 


observed in all phosphine and phosphite derivatives which 


; rec 
allowed measurement. Taking this assignment as correct, 


it follows that both phosphorus atoms in the bistriethyl- 


phosphite and bisdipheny lphosphinoethane derivatives are 
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in magnetically equivalent and most probably symmetrically 


equivalent, environments. This is, of course, consistent 


with the structural assignments made on the basis of the 


infrared spectra. 


61. 
eo Pew RR, hee oN or L 


a 


Reactions were carried out and solvents dried as 
given in Chapter II. The ligands used in this study 
came from commercial sources and were reacted without 
further purLiucation;, 

Analyses were obtained as before with the results 
given in Table IX. Infrared spectra were measured 
using a Perkin-Elmer Model 337 (grating) spectrometer 
with a Texas Instruments Servo-Riter recorder. Bands 


+ arduet S0.4;.9 enn a 


Gi gaseous CO and DBr at.i2147.1 cm” 
respectively were used as references for the accurate 
determination of other band positions. Mass spectra 


Alpe) 


and BeoMme Spect ba, wene,necorded jas) before. 


Preparation of CoF.Mn (CO)... Pentafluorobenzene (1.41 ml, 
12.8 mmol) was dissolved in diethyl ether (25 ml), the 
Porutron cooled to -70°, and a 1.55.M-soluttonsof=n-— 
mocyuhetnium (6.22 inl, 12.8 mnol) “in hexane ,ddedgstowily. 
ihe, misckhuce, was falsl_owedytoiwaxrm to —10% sand, kKeptcatiethat 
temperature for 1h. The resulting solution was cooled again 
to -70° and a suspension of manganese pentacarbonyl bromide 
(25 0..ch, abo Gammol) in 0? migsof) ether wasitadded=anwine 
mixture was allowed to attain room temperature slowly and 
was. Stirred.for 14,-h. 

After evaporating to dryness, the residue was chromato- 
graphed in benzene solution on alumina. The required product 


is first to pass through the column but does contain a little 


Mtoe GO) rs The latter is easily removed by fractional sub- 
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limation to yield pure pentafluorophenylmanganese pentacar- 


PeuyiI(2593—q7" 8525 mmol, 65%) . 


Preparation of Iri-n-butylphosphine complexes. TOsay Sou 
tion Die rei iy iohoaphane (0584 g, 4.2 mmol) in 20 ml of 
xylene was added pentafluorophenylmanganese pentacarbonyl 
(1.5 g, 4.1 mmol). The mixture was heated at 135° for 3 
days, cooled, and the solvent removed under reduced pressure. 
The resulting solid was subjected to sublimation under high 
Moacuum at 60° to give colorless oily crystals. On resublim— 
eevon, the volatile product (0.26 g, 0:48 mmol) remained 
slightly impure but was confirmed to be CoP.Mn (CO) ,P(n-C,H,) , 
by an exact mass meaSurement of its parent ion in the mass 
spectrum: calculated mass = 536.0947, measured mass = 536.0948. 
micenonvolatiile, product was recrystallized twice from hexane 
to yield pale yellow crystals of C¢F.Mn (CO) ,[P (n-C,H,) 2157 
eae 9g, 1.6 mnol)> 

Preparation of CoP Mn (CO) ,P(C.H,) 3- Pentafluorophenylman- 
ganese ee one 20 Gye eo ana and triphenylphosphine 
(0.74 g, 2.8 mmol) were added to 30 ml of toluene and the 
mexture was heated at 90° for 3 days. After removal of 
solvent under reduced pressure, the residue was taken up in 
the minimum of hexane, filtered, and cooled to yield pale 


yellow crystals. These were recrystaliazed .once fisom 


hexane to give the pure product (1.1 g, 1.8 mmol). 
The same procedure was used for the preparatlron-of 


the compounds C,F.Mn (CO) ,As (C¢H.) 3, C.F, Mn (CO) ,Sb(C- He) 3 
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and CeFeMn (CO) ,P (OC (H.) 3 for the latter derivative a-two- 


eee 


fotd-excess of ligand.was used. 


Preparation of CoP 5Mn(CO) ,NC.H,. Pentafluorophenylmangan- 
ese pentacarbonyl (6.0 g, 17 mmol) was dissolved in 250 ml 
of dichloromethane and pyridine (1.5 ml, 1.3 g, 16 mmol) was 
added. This solution was irradiated for 40 min. at 10° by 
a 450 watt Hanovia 679A lamp. Dichloromethane and excess 
pyridine were removed at reduced pressure, the remaining 
Seiad )-takenpup.in,chloroform, and:the solution) filtered. 
Evaporation of chloroform yielded a yellow solid which was 
sublimed at room temperature for 3 days under high vacuum 
EO, remove, unreacted pentacarbonyl (0.9. g, 2.5 mmol)... The 
unsublimed material was recrystallized twice from hexane to 


preid the pure product (0.58 g, 1.5 mmol) as light yellow 


erystals. 


Peeparation Of C,F.Mn (CO) ,[P(OCjH.) 4],- Technical grade 
eerethyipnospnite (1.2 9, 5.8 mmol) ‘and pentatluorophenyl-— 
Manganese pentacarbonyl (1.0 g, 2.8 mmol) were dissolved 
in 30 ml of methylcyclohexane. The mixture was heated for 
12 h at 80° and, after cooling, solvent was removed under 


reduced pressure. The resulting white SsOLLGa Was: Trecrystal= 
lized twice from hexane to yield fine white needles (1.43 gq, 


oe Timo 1). 


Preparation of © wemmee)., ( (Cole yee CHE IC eHan 2td Bis- 


(1,2 diphenylphosphino) ethane (1.1 g, 2.8 mmol) was added 
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to a solution of pentafluorophenylmanganese pentacarbonyl 
meg, 2.8 mmol). Atter heating for 24%h at 90°, solvent 
was removed under reduced pressure. Reerystallization irom 


Peeeene yielded the pure product (1.45 g, 2.03 mmol). 


Preparation of CoF_oMn (CO) ,(CH,SCH.CH,SCH,). Pentafluorophenyl- 


manganese Bee e pn ya (1.5+9, 4.lemmol) and 2,5-dithia- 
hexane (0.65 g, 5.3 mmol) were heated together in 30 ml of 
Mea LoyCclonexane for 3 days at-90°. The mixture was cooled 
woe’ Pand the resulting solid collected. Excess pentafluoro- 
phenylmanganese pentacarbonyl (0.15 g, 0.4 mmol) was removed 
by sublimation under high vacuum at 50° and the remaining 
Material extracted with dichloromethane. After addition of 


pentane and cooling to -15°, the pure product UOAS ile pee eae cl 


mmol) was obtained. 
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CHAPTER iV 
A_REVIEW OF CYCLOPENTADIENYL DERIVATIVES OF RHODIUM AND 


IRIDIUM 


A. Cyclopentadiene Derivatives 


After the preparation of ferrocene there was much 
interest in possible analogues of other metals. Thus in 
e953 the isoelectronic species Cp,Rh™ (VERE) and Cpear (Cp 
refers to the pentahaptocyclopentadienyl group (91) through- 
out this Chapter) were produced (92) by the reaction of 
rhodium or iridium triacetylacetonates with a cyclopenta- 
dienyl Grignard reagent and subsequent precipitation as 


the Leo salts fiVe liby 


3 


Rh (CH ,COCHCOCH x a 
. ——>  -—— > [Cp5Rh] I, PEM. Ld 


3/3 


Fecal, MoBr 


Almost identical reactions have since been found using the 
elilorides instead of the acetylacetonates, and the products 
were isolated as the Br, and Pie) (saute (93) 24 )e yeocher 
Ehodocianium (i.e. Cp,Rh’) salts can be made by replacement 
of one anion by another large anion (92). 

When RhC1, is. used.invreaction |1LV.l1],aemostpunusual 
by-product, Cp,Rh3H, was obtainedsin, 3% tyieldw (95726) .4 The 


structure has been determined as IX by X-ray diffraction 
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(95,97), and the presence of the unique hydrogen atom con- 
firmed by nmr and mass Spectrometry (95,96) . 

the first eported preparation of rhodocene, Cp5Rh, 
employed the very novel procedure of bombarding ruthenocene 


men neutrons [IV.2] (98). 


104 ony Bo py = eg 
CPo Ru —> Sl eS mae ey Coe Re > Cat eRe 


AA] 


The product, however, was not well characterised and aiter- 
Haeive proposals as to the composition of the product have 
been made (99). Subsequently the species CpoM (M = Rh and 
Ir throughout this Chapter) were prepared by the reduction 
of feo) ois) 5 by molten sodium (94) with immediate sub- 
imation of the product to a finger cooled by liquid nitro- 


gen. At room temperature dimerisation takes place to give 


Xe 


The rhodocinium ion (VIII) has been reduced by sodium 
cyclopentadienide and by phenyllithium (93) to afford a 
product with the cyclopentadienyl or phenyl group in the exo 


position [IV.3] and also in the former case a compound, 
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(C.H.) (Rho, whose structure remains unknown. Essentially, 
‘the same reaction takes place on reaction of sodium boro- 
hydride and sodium cyclopentadienide with rhodium tri- 


chloride but the intermediate rhodocinium salt LSY hot 


Source; not isolated [TV.4]" (l00)Y" The ™cémpétnd (1) 
RhClz + CcoH.Na + NaBH, —> Rho xt [IvV.4] 
en 
H 


and its iridium analogue have also been prepared by reaction 
of the anhydrous trichloride, sodium cyclopentadienide and 
Ee opent adverts (101). Acidified hydrogen peroxide oxidises 
CpMC He and related compounds, such as CpRh (C.H.CcH.), to 
remove a hydride ion with consequent formation of (Cp 4M) ~ 
Or iitts derivatives. These were isolated as tetraphenyd— 
beron vse ts (101)..' “Reaction -of CpRh (CHC He) with 


bromine appears to give the polymer (CpRhBr.) , PIVSS te ew ch 


ia | SNCs [Iv.5] 


May be broken down by pyridine Coa: 
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Almost the reverse of reaction (IV.5] has been shown 
mene reduction of pentahaptopentamethylcyclopentadienyl- 
rhodium dichloride dimer with cyclopentadiene and sodium 
earoonate’ in ethanol -[IV.6] (102). One Product containe 


the endo-H isomer of pentamethylcyclopentadiene. Reduction 


Rh 
(stcHy)gRnci,) H3C 


Orethe-wother product, which 1s a mixed’ rhodocinium salt, 


eecords the corresponding exo-H isomer. 


Ba Other Olefin Derivatives 
The moiety CpRh has been shown to accept two olefinic 
Groups as “ligands *(e.g. compounds X and Xi); “thus “che 


prototype Of this kind “ef “compound is CpRh(C.H,) 5 PS he 


Precarecasry, reaction [1Ve7} (l0ah.  Byoa Similar method 


H Raiegh| 
[(CjH,) )RhCl], + C,H.Na —> CpRh (C, 4)2 


XE 
= = } been formed (104) and the 
CpRh (HjC = CHCH,CH,CH CH,) has 
pentamethylcyclopentadienylbisethylene compounds of both 


rhodium and iridiumhave also been reported recently CEOS 
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Nmr studies indicate that the ethylene ligands "OR xt | 
rotate about their u bonds but do not exchange (104). 


mnie rotation is slower in C. (CH) -Tr(C.H,) tian aa: cbae 


va 
rhodium analogue (105) showing the typically better 1- 
bonding of third-row compared to second-row transition 
metals. “Replacement of ethylene in XII is possible by 
Lewis acids; thus 50, yields CpRh (SO,) (C,H) CLOG) sbite 
emepaseesuch«as. triphenyl phosphine wallonetireactt 


PECaAtCMeneL OL  XIT ‘by hydrogen’ chloride at. =-60°%gives#an 


etnyichloro derivative’ [IV.8]. (106), identified by nmr, 


Q @ 


Rh + HCL —» yo Rh [Iv.8] 
aN 2 
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but this product decomposes at -20°. 

Toradci tion to those involving cyclopentediene, 
diene complexes are known which contain cyclooctadiene 
(107,108,109,110), norbornadiene (ITI), duroquinone 
(112) or 2,6 ditert-butylbenzoquinone (1,4) (113,114,115). 
These derivatives are prepared by reaction of the diene 


with MC1. and subsequent reaction of the product with 


sodium cyclopentadienide, e.g. [IV.9]. Bere oh 2 XIT and 


XIII have been studied by mass spectrometry (109). 


With mercuric halides the cye@looctadiene (XIII) and 
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norbornadiene derivatives form adducts such as CpRhC_H,-HgCl 


| 3 Z 


ei) and CpIirc Pre re 6 10h, 


Se 2 
Not only has 2,6 ditert-butylbenzoguinone (1,4) been 

meeq to prepare CpRh [2,6(C,H,) ,C¢H.0,] (XIV), but atiso the 

analogous indenyl complex from potassium indenide (113). 

The compound (XIV) has been subjected to an X-ray structural 

mevermination (114) and to polarographic studies (115). 


Allyl derivatives of cyclopentadienylrhodium are also 


Known; the first prepared was CpRh(C,H.) 5 (XV ie Phy. LO TOL 16) 


a ° 
[(C,H,),RhC1]. + TIC Hy —> CpRh (CH.) 5 Tiled PEG) Os] 


XV 
which presumably contains one mt and one o bonded allyl group. 
Hydrogen chloride reacts with XV according to equation [{IV.11]. 
A tT crotyl complex analogous to XVI has also been made by a 


Beek => CpRh (C,H,) Cl bev se ly 


XVI 


CpRh (C3H,) 


(CpRhC1,) 5 


Parner nove. route [1V.12]. 
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RaCl., + CH.=CH-CH= 
3 9 CH CH, —_ (C,H) RhoC1, (C,H) PV #L2] 
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CpRh (C,H eC 
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€-____Carbonyl Compounds 


Cyclopentadienyldicarbonylrhodium (XVII) is prepared by 


the reaction of dicarbonylrhodium chloride dimer with excess 


Sodium cyclopentadienide [IV.13] (118,119). The analogous 
[(CO) ,RhCl] , f C-H,Na —_— > CpRh (CO) . + Nacl Ly St 
XVEL 


fEtdium compound was formed’ in similar fashion using Ir (CO) ,Cl 
(120). The pentamethylcyclopentadienyliridium derivative, 


Equation IV.26) in two ways: (i) reduction with sodium car- 


C,. (CH has been formed from [C. (CH) ,Ircl.], (see 
bonate under carbon monoxide pressure (11) reflux with 
Fe, (CO), 5 in benzene (121). The nmr spectra of the indenyl 


derivatives C,H.M(CO) (122) have been reported, although 


Bed 2 
the preparations of these compounds are not given. 
@naiGradiation. in pentane or hexane, AVII loses 
Carbon monoxide to produce the metal clusters Cp,Rh, (CO) , 
(AVITI} and (CpRhCO) 3 (123,124,125). ..sEs amination of otiese 
compounds by X-ray spectroscopy has revealed their Seructures 


and show that the latter compound exists in two distinct 


isomers, XIX and XX. The structures are all of great 
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interest since XVIII is the first binuclear carbonyl com- 
Mmiecewitel od Simgle bridging CO group (124). “Also xix and 
XX represent the first case where X-ray spectroscopy has 
shown the difference between possible bridged and non- 
 7aced forms of a carbonyl compound. (123,125). 

Mixed metal cluster compounds have been formed by 


Beection Of XVID with Fe, (CO), DEV 14) (126) ou beas yet 


CpRh (CO) 5 + Fe, (CO), ae CpRhFe. (CO) 9 Te CpRhFe,(CO) 1, 
Cp,Rh5Fe (CO) ¢ fe CpyRh, Fe, (CO) , 
ivr ae 
no structural determinations have been made on these 


derivatives. 
Carbon monoxide is eliminated from XVII by a variety 
of ligands. Refluxing with cyclooctatetraene causes 


complete elimination [IV.15] (127). Hexafluorobut-—2-yne 


co noe 
Gee “i es Gro] [IV.15] 


XVII 
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affords two major products VE BEG dat (le On... Compound XXI has 


Piva E64 


found by X-ray studies (129) to have a benzene ring with a 
bent Structure presumably owing to localiséedibonding! Vit 
must be remembered, however, that it is sterically impossible 
for hexa(trifluoromethyl)benzene to be planar (130). 
Phosphines, phosphites and isocyanides also displace 
eerpon monoxiae from XVIL (131). ‘Only monosubstituted 
derivatives may be obtained with phosphines but both mono 
and disubstitution can take place with phosphites and 


tTsocyanides fIV.17]--. A wis-substituted. phosphorus trifluoride 


CpRh (CO) 5 + P(OCH,), ——> CpRh(CO)P(OCH3), 


> aAWal na 
P(OCH3) 3 (Yv, 07) 


CpRh [P (OCH) 3], 


4 


complex has also been made by a different route LEV oS | (ro 2). 
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(CoH, 7RhCl) + PF, —— > [(PF.)RhC1], 
CoH.TL BV S| 
CpRh (PF) 5 


Triphenylphosphine is reported to react with Coir} to 


2 
yield Cpir (CO) P(C(H.) , (131) but this product was poorly 
characterised. Azobenzene causes loss of carbon monoxide 
from XVII (133), however, it remains difficult to formulate 


eescrcucture for the product. [I1V.19]. 


CpRh (CO) 5 oC Ale NNCSH >“ CpRA(ENCeH NC -H 


oe gHgNCgH.) [v.19] 


AVITL 


Oxidation of XVII has been noted with iodine (134) 


and the pseudo-halogens CFI, CoF.1 and C,FI1 [Eve cole G35). 
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An asymmetric centre was confirmed to be present at rhodium 
Mie kt by) an me nmr study (135) and subsequently a crystal 
structure determination showed the compound to exist as a 


racemate (136). 


Possibly the only reaction of AVII in which carbon 
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monoxide is not eliminated is the formation of an adduct with 


the Lewis acids HgCl., and” HOB. Veo 1) (la Oe 


2 


| CpRh (CO) . iigel e——> CpRh (CO) .+ HgC1 PEE 2d] 


2 


Ds Halide Derivatives 

Some halogen compounds have been mentioned above but 
a few more remain for discussion. A most unusual preparation 
of (CpRhI,) L has’ been reported (137) from bis(cycloocta-! /5— 


Serene) il, -dichlorodirhedium [1V.22] but attempts to repeat 


O°, ,ether 


(CoH) RhC1) 5 + 1, > (CpRhI,) | PEVer 2a 


this work by the original authors and by others (121) have 
failed. Thus this reaction must be viewed with reserve. 
In the same suspect work some derivatives of (CpRhI,) , 


were reported [IV.23]. A dimethylsulfur derivative similar 
CH MgI 
(CORnT A). ft (ClH) jPe=—> CoRhiaP (CH) ie eke 
sea State fae: 2 aor. 6) [IV.23] 
CpRh (CH) 5P(C,H.) 3 


to XXIII has also been prepared [IV.24] (138). 
Rh (CH SEH) LON Ree! 
Rhy, (CH) ,[S(CH3) 5] + CpH,Na —> Cp (CH3) 5 (CH,) 5 [ ] 


The polymeric halide (CpRhBr.) | RiVeot las soeen 


treated with a dithiolate salt to afford a monomeric 


derivative [iIv225] "So, - 


+ NaB Ve Oo 
(CpRhBr,) , + NajCoH 555 —--D> CpRhS,CoH, aBr [ ] 
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Ls Pentamethylcyclopentadienyl Derivatives 


Much work has recently been reported: by. Maitihis ane 
Bewerkers (102,105,121,140 141) on pentahaptopentamethyl- 
cyclopentadieny1 derivatives of rhodium and iridium, some 
of which has been mentioned above [IV.6]. The dimers 
[C. (CH3) .MC1.], (XXIV) are prepared by the reaction of 


hexamethyl (Dewar) benzene with the metal trichlorides in 


methanol [IV.26] (140,141,142). The dimeric chlorides 
8 
H3C 2 weyictt 
Z toric. + 4CH30H ae 
H2C CH 
: 43 : PLVe2 64 
CH . Chy CH 
2CH3(CH30)9CH + 2HCI] * HC Kae UM CH, 
Ce CH 
3 CHy 
XXIV 


(XXIV) will undergo halogen exchange when treated in 
SOlution with Sodium iodide and both chloride and iodide 
dimers can be broken down to monomers C. (CH) -MX5L with 


faigands L such as triphenylphosphine, pyridine or p- 


The di-iodo triphenylphosphine monomer was 


yield 


toluidine. 
further reacted with a methyl Grignard reagent to 


both dimethyl and methyliodo products [IV.27] (121). 


Cecw/ERnLjL + CHoMgL —————= Liver 


C. (CH ) ,RhI(CH3) 1 + C, (CH,) -Rh (CH) ob 


The compound XXIV has also led to an interesting 


series of reactions with 1,2bis (diphenylphosphino) ethane 
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Polos), {1V.28} (121). 


XXIV + diphos —=s 
diphos PERV Gs 
NE pees 
+ aan ; : 
[C, (CH) .RhCl (diphos) ] PF ee Ae ClCH.) Cl GRn caine) 


6 


A mixed dimeric species is obtained by reaction of 
dicarbonylrhodium chloride dimer with 1-(1-chloroethyl) penta- 
methylcyclopentadiene in methanol [IV.29] (121) and this 


product can be broken down into monomers with the ligands 


CH; CH, 
H3Cs CH Sie 
[(co,Rnc] + Laie pete pee 
3 ee te os 
uc" CHCI cy) Cc! CO 
3 CH3 
[PCat 


Ce(CHy)gRhCIPICgHs)3 + — [(CgHs)3P],RACOCI 


triphenylphosphine and p-toluidine. 
Some tetrahaptobenzene complexes of rhodium and 


iridium similar to XXI [IV.16] have been formed from the 


Giacetate derivative of XXIV, dimethylacetylenedicarboxylate 


and hydrogen [IV.30] (105). 
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CH3 
; HC CH 
j f 3 vu i) 
Ce (CH3)g M(OOCCH3)H50 
+ CH,OOCC=CCOOCH, = ee mM hh + CH3COOH [IvV.30] 
r as COOCH, 
+ 
2 
CH300C COOCH 
CH300 


An nmr study of these derivatives shows fluxional behaviour 
emere oeciizene wigand: at 255° only one carboxy imethy! 
resonance is observed. 

The work of Maitlis is perhaps the only detailed study 
of reactions of the cyclopentadienyl derivatives of rhodium 
and iridium and thus much work remains to be done in this 


field. 
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CHAPTER V 


SOME GROUP IV METAL DERIVATIVES OF 


CYCLOPENTADIENYLDICARBONYLRHODIUM 


miemhacehthat cyclopentadienyldicarbonylrhodium 
undergoes reactions with iodine or perfluoroalkyl 
iodides accompanied by Sarai teas of carbon monoxide 
hasebeenymentioned wn Chapter IV; . fIV120). -sSuch 
neactions fall into the general class of |"“oxidative 
aadreion™ reactions (243) valthough tinsthisocase ithe 
more specific term "oxidative elimination" (144) seems 
preterablie “inworder tomexpress the loss of carbon 
monoxide. Oxidative addition reactions to ao complexes 
have been reviewed recently (143,145) and in the case 
of 18 electron, 5 coordinate systems are best generalized 
By equation [V.1]:°~ An alternative, pathway for such a 


reaction is*through prior dissociation Of a Tigand™ to form 


6- | | 5 
| wl Sylecl Re -L [Vel] 
ae | — >M — 
“~ | ss 7\™ 
| G+ 
a more reactive four-coordinate complex. -Labilisation 


of a ligand is often brought about by heating or irradi- 


ating a five-coordinate complex, equation [Visedasr [Fhe 


importance of such reactions in homogeneous catalysis has 
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been stressed (145) and has encouraged the study contained 
in this and the following chapters. 

Such oxidative methods could Ses ese to yield 
numerous Group IV metal derivatives of cyclopentadienyl- 
dicarbonylrhodium and this is verified by the findings 
Peported "here. The first germanium-rhodium bonds are 
described, although xhodium bonds to silicon (146,147,148) 
have been established recently and those to tin (149-154) 


have been known for some years. 


RESULTS AND DISCUSSION 
toradLatbvon of CpRh (CO) 5 in non-polar solvents has 
been reported to yield Cp5Rh, (CO) 4 (124) and Cp3Rh (CO) . 
@i2351 25)e, probably aia elimination of carbon monoxide 
anes formation ofthe. reactive’ intermediate “CpRico”™ 
(conpaneiwi thivtequation [vi2])'y = The? presence” Of"a" stilane, 
however, appears largely to inhibit the formation of 


oligomers and gives the derivatives CpCORh (H) SiR, ive al 


hy 
Rh + (CgHs)3Si HH = 
a 


Rh + CO [ve | 
C C of | 


Si(CgHs )3 
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iias iS rationalised by preferential reaction of "CpRhco" 
Mech the silane rather than with another molecule of 
rhodium compound. 

POWiang *cO GlEticulties in Separation from “starting 
materials, silyl hydride products could only be isolated 
uSing silanes of relatively high molecular weLgire! agven 
triphenyl and tribenzyl silanes). As solids these derivatives 
show signs of decomposition over a period of a few days at 
room temperature although they seem stable at -15°. In 
solution they are considerably less stable, particularly 
if polar solvents are used. Similar silyl hydrides have 
been reported from various Silanes also by irradiation 
peoceenres (155,156,157). 

An ty nh Spectrum. oF CpCORh (H)Si(C¢H,) , was 
measured in carbon tetrachloride; this solvent was chosen 
in preference to chloroform, dichloromethane or acetone 
since the compound appears to decompose more rapidly in 
Ener tatter solvents. Typical resonances were observed 
for phenyl and cyclopentadienyl protons; the most intense 
peak. of the phenyl system was observed at 1 2.72 while 
the cyclopentadienyl resonance was observed as a triplet 
GaanO.59cos) at t. 4.77. The cyclopentadienyl protons 
might be expected to couple to 103ph (100% abundance with 
spin %, see Chapters VI and VIII) and to the unique proton 
(158,159). Since a triplet is observed Le Must De Con 


Cluded that the couplings of these two nuclei of spin % 


are equal in magnitude. 
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The hydrogen directly bonded to rhodium can be 
Paeicipated to couple to this metal (158,160) sang this ea 
Coubltet “(J = 31.8 cps) was observed at t 21.1. The 
peaks were broad (width 3 cps) presumably because of 
coupling to the five cyclopentadienyl protons, mentioned 
above. It is of interest that this high field resonance 
is found at a chemical shift close to those observed for 
the unique protons in CpMn (CO)  (H) Si(CH.) 4 CerenZebieay,) 
gs} 3 


Trichlorosilane and methyldichlorosilane undergo 


io? )) and CpRe (CO) , (H) Si (C Cm Ie Rl os) 597) 


very facile reactions with CpRh (CO) , to-atford bis —saly! 


derivatives [IV.4], presumably via a silyl hydride species 


0) o ne 


Rh +  § 2CIlx5SiH =——> Ri. 4 * Co 
; aie 
i N Ae SiCl, 
of c Gi 
Cl, 
as intermedpate (155)'s, The-reactivity of CpRh (CO) 5 is 


interesting since CpCo (CO) » only reacts with trichloro-— 
silane either with the assistance of ultraviolet light 
to give CpCO0Co (H)Sicl. (155) sor atolO0 S30 -Ga ve 
CpeocorsiCd.,) (1 oe 
oy : 

The compound CpCORh (SiC1,CH,)2 exhibited an ~H nmr 
spectrum in CDC1., solution consistent with the proposed 
One resonance which appeared as a sharp 


structure. 


doublet at t 4.33 can be assigned to the cyclopentadienyl 


a 


a7 t a aria 
i 


(ff 


Hanae agi oe 


Taam ila 
x ai ; a! ; 


7 


nie 
co 


84. 


ring... A second doublet at 1 8.73 could be attributed to 
two methyl groups attached to silicon Particularly as 
this resonance integrated with the cyclopentadienyl 

resonance in the ratio of 6:5. The doublet structures 
can be ascribed to coupling with rhodium and for both 
doublets J(Rh-H) = 0.8 cps. The compounds CpCORA (SiC1,) 5 


and CpCOTRhSni.. (see below) show resonances at t 4.21 


& 
and 74.00, respectively, owing to the cyclopentadienyl 
Protons although the expected doublet structures could 
mort be resolved. 

Products of jthe type CpCOXRAMX , (M = Ge or Sn and 


Mori. Boor LL). are formed under moderate ‘conditions 


by the treatment of CpRh (CO) 5 With she tétranalidec or 


emia sean. tin. LV)... This 1s to be expected by analogy 
© Lr eo 
i 
Uh ON ae pereey 
‘ee C O x 3 
fe) 0 
with the reactions of CpCo (CO) » (162). However, “although 


compounds of the type CpCOco (MX..) 5 could be asolated when 
An ercecs ofhalide and teémperatumecmupeto 110, were 


employed, only the compounds CpCcOXRAMX 4 formed under Sin Lar 


reaction conditions. The inability to form CpCORh (MX). is 
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Baener Surprising, not only because cobalt analogues can 
be prepared but because of the existence of the isoelect- 
ronic: compounds CpCORH (SiC1,) 5 and CeH_CORu (GeC1.,) 5 


It seems reasonable that this is a kinetic rather than 


(163): . 


cmermodynamic effect, possibly attributable to a strong 
hen OOnd which might inhibit the insertion of MX, (Lozi 

In preparing the derivatives CpCOXRAMX,,, di tiie whey 
Was experienced in two cases. Germanium tetraiodide 


gives a moderate yield of CpCORhI., which cannot easily be 


Z 
separated from the required product. The problem was 
overcome by uSing the method of halogen exchange on 


CpCOcIRhGecl Stannic chloride in toluene or pentane 


3° 


meacee with CoRhN(CO). to afford a-highly air-sensitive, 


> 
orange-yellow powder which decomposes in air to give 

the required product. A similar intermediate is obtained 
with stannic bromide when pentane is used as solvent. 
Possibly these intermediates are adducts between the 
Lewis base, CpRh (CO) 5, and the Lewis acids, SnX,,Similar 
to ‘adducts such as CpRh (CO) 4: HgCl, (iO te Since cnese 


main group halides are acidic without loss of halide 


ions, perhaps for such cases [V.1] should be rewritten 


as [V.6] 
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Oligomeric compounds formed on reaction Of CpRh (CO) , 
with stannous halides, but were difficult to characterise 
fully. Their high mass and relative insolubility makes 
them ere for molecular weight determination, 
nuclear magnetic resonance or mass Spectrometry. trom 

the elemental analyses the derivatives were given the 
formulae (CpCORhSnxX,.. = Solvent) | 


the value of x is uncertain. A value of x equal to three 


(see Table XI) however, 


seems most reasonable for in the compound (CpcocoSncl.. 


eae xX WaS again considered to be three (164,165) 
and the compound (CpCORhSnC1,) 4 could be expected to 
result from stannous chloride insertion into the known 


miemnetm, (CoknCO)., C(l23%1L25) . 


3 


Infrared Spectra. Most compounds show one carbonyl 
Sstretchangivibration (Table X)vas expected for monocarnbonyl 
molecules. However, the compounds CpCORh (H) Si(CHC;H,) 4, 
CpCORh (SiC1,CH,) 5 and CpCOIRhSnI.CH, show extra bands in 
evelonexane solution. Such effects, which may be 
attributed to the asymmetry of the substituents on rhodium 
have already been well documented and explained as due to 
conformers (44,162). The tribenzylsilane derivative is 
worthy of particular note since it is the asymmetry of the 
benzyl group rather than the asymmetry of the snbseituent 
arrangement around silicon or tin®theat lskely causes the 
splitting of the infrared bands. 


The proposed trimeric species each exhibit two 
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TABLE xX (continued) 
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Footnotes LO lable Ke 


Decomposition temperatures around 200° and poorly 


defined (over 10 - 40° range) except as noted. 
Dichlovomethane solution.,except as. noted. 

Goes 100 S3dec: 

Cyclohexane solution, 

64 - 66° dec. 

2a 2 Ce. 

PeDTOERSILS Cadet 


NogeL mull. 


SI) 


carbonyl bands which are at virtually the same wave- 
numbers in each case, and are presumably also produced 
by a conformational effect. The exact nature of the 
conformers remains unknown as the geometries of the six- 
membered rings have not been determined. The polymeric 
species (CpCORhSnCl.) also exhibits two bands at 
Similar wave-numbers but with reversed intensity pattern 
Comparedsto the ytrimers, »~Theosplitting*mosti probably 
hac Ltssorigan’ anva conformational effectaaspinpthe 
other examples, although it may be due to crystal 
splitting. 

Reactions of dichloromethane solutions of 
or (CpCORhSnCl., .5C ,H_CH 


(CpCORhSnCl1., oH, 9) x 


a suspension of (CpCORhSnCl,) in dichloromethane with 


1 
. H 
af Gol: 


chlorine gas give solutions which show only one carbonyl 
stretching vibration at 2093 eu Thus the producu aa 
each case may be assumed to be CpCOC1RhSnCl, (Yao = 2093 


cm7*) and this verifies the Similarity of the starting 


materials. 


20% 


EXPERIMENTAL SEC LON 


AlTereactions) and erystallisations were carried out 
under a nitrogen atmosphere, Maanly by the’ useiot Senlenk— 
tube techniques. Solvents were dried as previously des- 
cribed. Published procedures were used for the preparation 
o£ Gel, GiSG)4 SnBr, Gi66a0 SnI, C6 Ge CHSnI, (lor) and 
CpRh (CO) 5 (Tes7its).§ Othersreagents were ayvaidable 
commercially and were used without further purification. 


Microanalyses (Table XI) and physical properties 


Vrabile xX) were obtained as before. 


Preparation of CpCORh (H) Si (C.H,) 4. 


Ccarbonylrhodium (1.12 g, 5.0 mmol) was dissolved in benzene 


Cyclopentadienyldi- 


(30 ml) and triphenylsilane (1.30 g, 5.0 mmol) added. The 
resulting solution was irradiated by a Hanovia 616A, 100 
Watte Lamps fore5i days) keeping the vessel close to, room 
temperature. After filtering through a very short column 
Of Floritsa lawnds concentratingsto aboute2 m1 ,shexanew (lO m1) 
was added to yield off-white crystals of product (0.26 g, 
Oe S7 Ammons he 13) 

The compound CpCORh (H) Si (CH,C;H.) 4 was produced 
in analogous fashion using a reaction time of one week 
and recrystallising the product twice from hexane. aa ue 
yield of the greenish-white derivative was 0.24 g, 0.48 


ro) 


mmol, 103%. 


Preparation of CpCORh (SiC1,)5- Cyclopentadienyldicarbonyl- 


; 
was added to trichlorosilane 


rhodium (0.89 g, 4.0 mmol) 
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mee>? Gg, 10.0 mmol). After a few seconds a vigorous 
eaction took place with evolution of much gas. The 

Bexeure was stirred for a further 2 hr and excess silane 

removed under high vacuum. The solid residue was re- 
crystallised from hexane, sublimed under high vacuum 

and crystallised again from hexane. Colorless crystals 

of product (1.13 g,. 2.43 mmol, 61%) were thus obtained. 


in analogous .fashion .CpCORh(SiCl.CH was 


2°H3) 5 


prepared using methyldichlorosilane. 


Peeparation of CpoCOCIlRhGeC! Germanium tetrachloride 


3° 
(0.21 Gg, L.0 mmol) was added to a stirred solution of 
CpRh (CO) . (kOr22 gq, L.0 mmol} an toluene (20 ml). andetne 
mixture heated at 60° for 1 hr. After cooling and adding 
pentane (20 ml), the solid formed was recrystallised 
twice from dichloromethane/pentane to give the pure product 
eee en O51 mmol, O12). 

The, abovesamethod, without, the use of heat, was 


employed to obtain corresponding derivatives from the 


halides GeBry, SnBry, SnI, and CH,SnI.. 


Preparation of CpCOIRhGetl,. The compound CpCOC1RhGeC1 , 


was prepared as above from CpRh (CO) , (2.5 mmol) and 


GeCl, (2.6 mmol) and dissolved in dichloromethane (20 ml). 


Sodium iodide (1.5 g, 10 mmol) was added and the mixture 


etirred tor 2 days. Arter filtratzon, che filtrate was 


concentrated to 10 mi and pentane (10 ml) added. Cooling 


to 0° afforded fine black crystals which were recrystallised 
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from dichloromethane/pentane to Vield 0782 9) (1) cainod 


42%) of product. 


Preparation of CpCcociRhsncl.. TOeas+SOlLUELON OF CpRh (CO) , 


0.34 g, 1.5 mmol) in pentane (20 ml) was added Sncl, 
ml onml, 1 i5emmniol ,salso tin pentane (20 mij gs VArhtonty 
air-sensitive orange-yellow precipitate was formed and 
Collected. This was allowed to decompose completely in the 
laboratory atmosphere and the resulting viscous oil 
extracted with dichloromethane (50 mi).-\ Addition of 
pentane ,(50%m1)., cooling to 0° and recrystallisation of 


the resulting solid from dichloromethane/pentane yielded 


Brenge=-red crystals. (0.24 9g, 0.53 mmol, 35%). 


Reactions with stannous chloride and bromide. Finely 
powdered stannous chloride (0.74 g, 4.0 mmol) was added 
bOwa SOlUtION of CpRh (CO) , (0%,'89).g 7,6 4..0) mmo) teil 2 

Orch loroethane (20 ml). ‘The mixture was heated at /5- for 
paehr., “Arter cooking, the precipitate was collected) and 


dried under high vacuum to yield the orange polymeric 


——— 


product [CpCORhSnC1l,] C1026 spn eens 
A little of this polymeric compound (0.30 g) was 
heated for two days in 1,2 dichloroethane (50 ml) with 


CpRh(CO), (0.22 g, 1,0) mmol). After the mixture aad pean 


cooled to room temperature and filtered, pentane (20 ml) 


was added to the filtrate and the resulting solution 


M3 
cooled to -15°. Orange crystals of [CpCORhSnCl,,.5C,H,Clo] , 
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(0.18 g, 58%) separated. 


Cyclopentadienyldicarbonylrhodium (0.89 g, 4.0 mmol) 


mas) dissolved in toluene (20 ml), stannous chloride (1.5) g, 


peeemmol) added, and the mixture stirred at 70° for 24 hr. 


After cooling to room temperature the mixture was filtered 
modecoie Tiltrate cooled to’ =15°. Small bright orange 


ep iter 


crystals of [CpCOoRhSnC1,.5C, 5 ie (Ons 4a gj! Sy) Were 


formed. 


An analogous reaction takes place with stannous bromide 


to afford orange-red crystals of [CpCORhSnBr,.5C, HCH], 
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TABLE XI (continued) 


ee 


Footnotes tO Table XI 


Confirmed by exact mass measurement on ion 
: a, ve 
CpRh (i) Si(CeH.) , , 428.0467 calculated: 428.0469 


found... Parent, ion. was of very low intensity. 


Confirmed by exact mass measurement on parent 


ion CpCORh (H) $i (CH,C,H.) 4", 498.0885 calculated; 
BIB. 00D "LOUNC ; 
Compounds assumed to be trimers (x = 3), see 


airscussion. 
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CHAPTER VI 


Phe REACTIONS OF CYCLOPENTAD IENYL (DIMETHYLPHENYLPHOSPHINE) 


ee 


CARBONYLRHODIUM WITH HALOGENS AND ORGANIC HALIDES 

The general nature of oxidative addition reactions 
have been described in Chapter V. However, the tendency 
Lox a® complexes to undergo such reactions depends markedly — 
Oa the nature of the central metal ion and the ligands 
essociated with it. ‘Ligands which increase electron den- 
Srty at the central metal improve the possibility of a 
complex to undergo oxidative addition (145). Thus replace- 
ment of carbon monoxide in CpRh (CO) . by a phosphine can be 
Expected to increase the ease of oxidation of the system. 

The formation of complexes CpRh (CO) PR, has been 
Reported for a variety of phosphines (131), although no study 
of the reactions of such compounds has been published. 

The previously unreported complex with dimethylphenyl- 
phosphine was chosen for a ‘study of oxidative—eliminecion 
processes involving halogens and pseudohalides, this 
particular phosphine was selected so that the formation of 
any compound containing an asymmetric centre at rhodium 
(135,136) could be monitored using the chemical shift 


separation of the two methyl resonances in the nmr spectrum. 


RESULTS AND DISCUSSION 
Sine Ue ee 


Bromine reacts at low temperatures with CpRh (CO) P (CH,) 5 


CoH (eto form an wonic derivative (XXVI); on warming 
5 5 Ss 
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a Ds 
to room temperature and above, the ionic form loses carbon 
monoxide with formation of the neutral dibromide O:C.OVIE oe 


(equations VI.1).° The intermediate cation is stabilised by 


Rh + B 
XXV 2 Rh 
=~ Br 
Chae Ss cH P| Br 
CHy | C 
F Nat [BiCgHey) & | 
) O (VEN t] 
Rh fe H ») + CO 
6Hs), Rh 
soil — 
CH,—P Br che | ee 
6 
3 0 CH; ; , Br 
gHs 
XC Velelel, ener 


conversion to its tetraphenylboron salt (XXVIII) by rapid 
meserion with sodium tetraphenylboron in methanol. 

Colorine: reacts. Similarly but the tonic derivative 
decomposes too rapidly to obtain an nmr spectrum. In 
dichloromethane solution at room temperature, infrared 
spectra indicate that the ionic chlorine derivative has a 
half-life of about two minutes. The corresponding ionic 
bromide decomposes more slowly as a solid or in Solution, 
The tetraphenylboron salts of both cations are more stable, 


decomposing over a few days at room temperature, but they 


are apparently stable if stored at =< 
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On warming, both bromide and chloride 10OniLe derivatives 
fo yields or nonionic’ dihalides." "the intermediate 
formation of ionic halogen compounds has been observed in 
the preparation of other nonionic halides ClGs yoo )peanc ais 
Characteristic of the general oxidative elimination 
reaction [V.1]. JIodine and perfluoropropyl iodide presumably 
react in similar fashion to chlorine and bromine but only 


the neutral species CpRhP (CH CA fend CpRhP (CH) 


3)2 6 eee oe 


CoH.C,Fo1 could be isolated. Similar replacement of carbon 


monoxide has been noted for CpRh(CO) (134,135). Likewise 


2 


CpCoP (CH, ) has been formed by carbonyl replacement from 


345 


Beco (Co)P(c.Ha), (134). 


3 
Acetylbromide and trifluoroacetyl chloride react as 


pseudohalides EO: Give “Lonaeyproducte sat low temperavure 


ie 7 |.) These ionic compounds decompose alittle below 


7 P(Chy yy Can (co)= 
CpRh (CO) P(CH,)C,H, + CF,COCl —» [CpRhP(CH,) C,H, (CO) 
pocny teem 
[Vio 


room temperature, forming complex mixtures. Formation of 
tetraphenylboron derivatives only elicghtiy Incre ses ire 


Stability of these compounds but does give a useful method 


MPfpuriecication. A similar derivative could not be obtained 


from acetyl chloride, although an infrared spectrum of the 


reaction mixture at -23° showed the presence of a small 


Guantity of the desired product. 
Most interesting is the reaction of CpRhCOP (CH,) CH, 


(XXV) with alkyl halides to yield the acyl complexes 
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te » 
oh Boney 


hele 


CpRhP (CH) >C-H. (COR) X (XXX) (Visi. it appears likely that 
the ionic intermediate [CpRh (CO) P(CH,) ,C HER] 7x7 (XXX) 


Pominitially. formed with Subsequent nucleophilic attack 


Rh ve RX ——__> Rh x 
a aX die! SS 
eo os CH3;—P | R. 
Ze CH 
CH 3 0 
3 CgHe e 
PVE. | 
: XXIX 
, Nat [BICgH),] 
Rh PcgHs)) a 
Oe i ee | aa 
CH C x 
3 CH 
Ces ° * pHs a 
XXXL XXX 


of the halide ion and simultaneous migration of the alkyl 
Group to the carbonyl group. Such an antermediate must have 
some “stability as shown by the existence’ of similar iridium 
compounds (see Chapter VII) and of [CpRhP (CH) .C,H, (CO) CH,]”— 


[B(C HL) 4] | (XXXI). Indeed the ease of formation of this 
compound could possibly be explained by the presence of an 


equilibrium between ionic and nonionic forms (XXIX ans XXX).. 


Also, infrared spectral data indicate that reaction of (XXXI) 


with tetraphenylarsonium chloride reforms the neutral acyl 


compound (XXIX). 


The existence of an ionic intermediate which is made 


neutral by halide ion attack is reminiscent of the reaction 


LOOT 


oo alieh L0odide with CpCo (CO) . (170). In the latter FeaceLon:;, 


however, both derivatives could be isolated. 
since the generalised reactions [VI.3] were Originally 
found, two reports of similar reactions have appeared in the 


fiterature. The compound vrans—RhX (CO) (PR) 4 reacts with 


merniyl 10dide to give initially RAXICH, (CO) (PR3) 5 Ci whieh 


meowly undergoes CO=insertion to yield RhXI(COCH,) (PR,).. 


In this kinetic study there was evidence suggesting that 
methyl bromide undergoes the same reaction more slowly, but 


We analytical data were given for any products: “A°*more care-— 


ma study “or trans -RhC1 (CO) PPh, (172,173) "has sown that 


this compound reacts with methyl iodide to afford RHC1I(CO)- 


C(COGH~) PPh no MSintermearace cowld be *vsobared sin this: case. 


a0 
Avery limited number of alkyl” halvdes*umdergqo reacrrons 


5 


[VI.3]; the steric requirement of the alkyl group seems to 
Pear Important tactor. An infrared ™study “of *smalivscate 
Peactions indicated that benzyl derivatives could also be 
formed, although no acyl carbonyl bands appeared from n- 
mimpy le chloride or t-butyl chloride reactions. /"A kimette 
study (174) of these reactions has confirmed that the rate 
of reaction decreases rapidly with increasing chain length 
of the alkyl group and decreases with the halogen Lieve 
Order ft > Sr 2°C1L) > From “vodobenzene “and “trimethyl tin iodide, 
only the nonionic diiodide could be obtained and this in 


“good yield in the latter case. Similar conclusions regarding 


the importance of steric effects were proposed “in “the “pre-= 


paration of the derivatives CpCOP (C,H,) 3R5 (175) and 
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RhXI (COCH,) (PR ) 


3)9 (ly). For the rhodium compounds reported 
fee ric is consistent with the idea of initial formacion 
of an Rh-R bond and subsequent migration of R to the car- 
bonyl group. If the alkyl group were to bond directly to 
peel Carbon (e.g. in a four cénter mechanism), consider- 
aole Casing of steric problems would be expected and the 
dependence of compound formation on the group R would be 
fess Casily accounted. for. 

It is known that attack of nucleophiles such as 
carbon monoxide, triphenylphosphine or iodide ion (176) 
on CH,Mn (CO) . 


derivative. Such attack is analogous to the attack of 


causes methy!] migration, to yield ane acy) 


halide ions on the proposed cationic intermediate 
ae kel us 3! 


atrack should be even more! facile “due to: electrostatic 


[CpRhP (CH (COT CH In the rhodium system, however, 
Bttraction: Indeed; the similarity~of these’ two systems 
may be taken further by considering the preparation of the 
methyl derivatives from methyl halides. Both involve 
attack of a nucleophilic species CpRh (CO) P (CH,),CH, or 

Mn (CO) on carbon. In the former example the halide 

ion produced remains in solution for further reaction and 
am thes latter the Halide: ion would*be” prectpitated™ out, 


normally as the sodium salt. This mechanism can also be 


compared with the low temperature bromination of iron 
carbonyl (169), although in the present case compounds con- 


taining an acyl carbonyl are the more stable products. 
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Piirared) Spectra. The Starting material CpRh (CO) P(CH,)C.H., 


formally an Rh(I) compound, has a relatively Low icarbony) 
stretching frequency which is rather sensitive to solvent 
Mredle XL). All reactions reporved, here. yvield Fi (ie) Sand 
thus in the compounds where carbon monoxide remains coordinated 
a typical increase in frequency is observed. When the carbon 
monoxide becomes placed in an acyl position, the frequency 
MGODS as expected, but remains consistent with previously 
mnown examples (171,172,177,178) of rhodium—acyl moieties, 
Splitting of the carbonyl bands into two components is 

Crecrved inmost cases, This is attributable te the extremely 


asymmetric nature of these molecules (44,179). 


a Nur vopeCrra. All spectra show at least three sets of 
mesonances due to the phenyl and methyl protons of the 
Phosphorus.ligand and the cyclopentadienyl system attached 


Eouniodium. Both 315 and 103 pH have 100% abundance in nuclei 


wien spin % and thus peaks in, the spectra can be expected £6 
exnibit a double doublet Structure The phenyl “resonances 
show typical complex structures and thus only the chemical 
Shite oF the most intense line is reported for each compound 
in Table XIII. The methyl and cyclopentadienyl resonances 
expected double doublet with 


do in most cases appear as the 


phosphorus assumed to have the greater coupling constant in 


both cases. This seems very reasonable for the methyl groups 


directly attached to phosphorus but for the cyclopentadienyl 


systems this interpretation is based on the résuPltssor 
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BPootnotes to’ Table XII 
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In dichloromethane solution. 
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Schuster-Woldan and Basolo (131) and the results given in 
Chapter VIII. Spectral measurements on the compound 

CpRhP (C¢H_) 3 (CH), (137) also agree in this relative assign- 
ment although this work must be treated with caution (see 
Chapter V). In the Rh(I) compound (XXV) the phosphorus and 
B2odium couplings to the cyclopentadienyl ring are of the 
Same order with the result that a triplet is observed, just 


as in the compound CpRh (CO) P(C-H.) ( 


1S eee see ee can ibe 
inferred from the small changes in "ae eXcepeeto more 

the deshielding present in the ionic halideées”in chloroform 
Solution. 

Because -of oe and Bh coupling the two methyl 
groups are expected to appear in the nmr spectra as double 
doublets, as noted above; in addition, the difference in 
Magnetic environment of each group due to the asymmetry at 
BHOCLUM, In. Most derivatives reported here, introduces a 
Shemical shitt™ separation “(AT)™ Thus “a group Of <1ght 
equally intense lines should be observed. This was experi- 
Hentallveverieied, butidid antroduce juhe problem of correctly 
interpreting separation as chemical shifts or coupling con- 
Eenteh. Three representative spectra of CpRhP (CH) .C-H. (COCH,)X, 
Where, % = Cl \(Figtre 17), Br (Figure 18) or I (Figure 19) were 
observed at 100 Mc as well as 60 Mc, thus providing unambigu-— 
ous assignments in these cases and allowing fairly comiidenic 
assignments to be made for the other compounds. Similar uses 
of magnetic nonequivalence of methylagroups’ to conti 


asymmetry have been reported for the compounds CpFe (CO) (COCH,) - 


OOF. 
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FIGURE 17: The 1h NMR Spectrum of CpRhP- 


CU (COCHs ) Gas 


(CH3) 4CgH, 3 
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FIGURE 18. The i NMR Spectrum of 


CpRhP (CH,),CH, (COCH,) Br. 
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HS CGURE Los) Dhe tay NMR Spectrum of 


(CH3),P RESONANCE 


C [ 
CpRhP (CH,),CH, (COCH3)1. 


deel. 


R27, 


P(CH3) oC cH, (180) and CpPe (CO) P(C.H,) 3) 96H, Che = 


Values (of "P-cH, (Table XIII) are greater in the 


ree 
3CH,Si (CH 


Rh(III) derivatives than in the Rh(I) starting material; 
this is in accord with the view that the effective electro- 


megativity-of Rh(III) is greater. Decreasing J along 


AE 
Eee Series chloro, bromo and iodorhodium (III) i Tapers 
Can Similarly be rationalised. 

Other resonances observed were attributed to acyl 
groups which appeared at chemical shifts expected for such 
feoups (171,178), and in the compound [CpRhP (CH,) ,C-H, (CO) - 
oa) (8 (Cea). ,) (Figure 20) a methyl group is directly 
attached to rhodium. . The observed chemical shift and 
coupling constants are comparable in magnitude to such com- 
pounds as RhC1,CH, (CO) [P(C-H.) 215 (178) where Toy = OFS 


3 


YP-CH, = 5.0 cps and YRh-CH, = 2.1 Cps.” .fhe “resonances 


@naba ted by -allyl-protons were insufficiently resolved for 
determination of the associated nmr parameters. Relative 
eee areas were found pto be correct,for all compounds. The 
only exception was the ionic o-allyl complex, where integra- 
tion was not possible, for the allyl protons showed their 
presence only by small deviations from a straightibase, line: 


The other protons in the molecule inteqrated COnEecely. 
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FIGURE 20: ‘The +H NMR Spectrum of [CpRhP (CH,),CH, (CO) CH,]"- 
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EXPERIMENTAL SECTION 


a 


Pnatracs (Table XIV) and nmr spectra (Table XLT) 
were obtained as given in Chapter II. Infrared spectra 
(Table XII) were measured with a Perkin-Elmer 337 Grating 
Spectrometer and recorded in expanded form on a Hewlett- 
Packard 7127A recorder. Spectra were calibrated using 
a carbon monoxide gas cell for the terminal carbonyl 
region and a polystyrene film for acyl carbonyl spectra. 

Solvents were purified as described previously. 
Halogens and organic halides were used as obtained from 
commercial sources, except the organic iodides, which were 


distilled after standing over sodium thiosulfate. 


Breear scion of CpRh (CO) P(CH,) ,C cH. Cyclopentadienyldi- 
Pereony brnodwum. (1.27 gy 5.7 ane Wear dissolved in hexane 
G0 mm)" and phenyldimethytphosphine (1.0 9g, %.2 mmol) added. 
mre=miscture was stirred for 6 hr at room temp, itiitered, 

and cooled to -15°. Fine orange crystals of product 


slowly formed and were filtered off and dried in vacuum 


(ieldanl.2 G, 63%). 


+ i= ; 
Preparation of [CpRhP (CH,) .CgH_ (CO) C1] Ch he SOL von 


1 inet On toe 
Ou CpRh (CO) P (CH) oC gH, (0.33) 7% 1 2O0ommo tL) ean 
dichloromethane was cooled to liquid nitrogen temperature 


and chlorine (0.07 g, 1.0 mmol) was distilled 1 hie 


mixture was slowly warmed to -78° and hexane (15 ml) added 
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eerprecipitate ai bright yellow solid. ‘The solution was 
decanted and the solid washed twice with 10-ml portions Of 
hexane, while maintaining the temperature close to oe 
Peer drying under high vacuum for several hours, the 
Peeid Of prodtict was 0.35 Gg (86%) . 

A Similar procedure was used to prepare [CpRhP (CH,) .- 
ee (CO}Br] Bri, 24 hr was allowed for the reaction with 
promine at’ -—7/8°. 

Reaction of the phosphine adduct with CH,COBr and 


CF ,COC1 in Similar fashion afforded [CpRhP (CH) CH, (CO) - 


+ 


(COCH,)]"Br™ and [CpRhP (CH (CO) (COCF,) ] Claw these 


B26 5 
PecetlOno were Carried outcat =-23° for 12 hr, Pandwduning 


the work-up procedure the temperature was maintained near 
3S 

Preparation of (CRHENCH Jee ne (co) cle (cen iae The 

chloride [CpRhP (CH) CgH, (CO) C1] “C1” (0.20 g, 0.49 mmol) 

was quickly dissolved in methanol (10 ml) and a solution 

Of sodium tetrapheny boron (0.25 9g, 0-73 mmol) (in Somieof 
methanol immediately added. The mixture was stirred for 

30 min and the bright yellow precipitate which formed was 
filtered off. This was washed twice with 3-ml portions 


of methanol, once with 3 ml of pentane and dried under 


vacuum. The weight of product was CPRPAION ei NOS aE he 
| + re 
The compounds [CpRhP (CH,) CH, (CO) Br] [B(C, He) 4] 
ee OS Ee 


+ ~ 
[CpRhP (CH) C,H, (CO) (COCH) ] [B(CgH.) 4] 
ener oc) OND see 


+ 
[CpRhP (CH CH, (CO) (COCF3) ] [B(C,H,) ] were prepared 
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by the procedure outlined above from the corresponding 


mabage salts. 


Peeparation of CPRhP (CH) .CpH.Cl,. the “Lonie halide 


= pee =| _ 
[CpRhP (CH,),CH, (CO)C1] ‘Cl (0.20 g, 0.49 mmol) wae 


placed in 10 ml of dichloromethane and stirred for 6 hr. 
Hexane (20 ml) was added and the mixture cooled to yield 


GpRhP(CH,),C-H.Cl.(0.16 g, 863). 


3)2 25 ee 


The corresponding dibromide CpRhP (CH COBh sry 


32 Gus eatee 
Was also prepared by this method from [CpRhP (CH,) 5 

+ — 
CoH. (CO) Br] Br 7; NOWever, aA reaction Lame Of so davomiwad 


Necessary for, complete conversion in this case. 


3-9 giistae, A sample of CpRh(CO)- 


One22 of On6b6" mmol) "was cdissolved=in 20 mil or 


Preparation of CoRhP (CH 
P(CH,) oC cH. ( 
dichloromethane and iodine (0.17 g, 0.66 mmol) added. 

Preer lehr, the solution was concentrated to So inl, LOrml 


of pentane was added, and the mixture was cooled to -10°. 


inertine. black needles of product which formed were collected 


epdedried (“yield 0.27 g, 735). 


Preparation of CPRAP (CH) oCelsCgigte Perfluoropropyl 
iodide (2.0 g, 6.8 mmol) was added to CpRh (CO) P(CH,) .Cc He 
(0.50 g, 1.5 mmol) dissolved in 10 ml hexane and the mixture 


allowed to stand for 24 hr. The orange microcrystalline 


precipitate was collected, washed with two 10-ml portions 


Of hexane and dried (yield 0.53%, gare 


A sample of 


nena 


Preparation of CpRhP (CH3) .CgH, (COCH,) C1. 
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CpRh (CO) P(CH,) CH, (0.44 g, 1.3 mmol) was placed in a 
Carius tube and about 2 ml of methyl chloride condensed 
into the tube. After sealing, the tube was left at room 
temperature for 4 days. Excess methyl chloride was 
removed under reduced pressure, and the product was col- 
lected and recrystallized twice from dichloromethane- 
pentane’ (yield, 0,24ig, 483). 

Reactions with methyl bromide and allyl chloride were 
Carried out by a similar procedure for a period of 24 hr; 


the products were CpRhP (CH COCH,) Br and CpRhP (CH) 


3) og Hs 


CoH. (COCH,CHCH.) C1 respectively. 


27 


+ ~ 
Preparation of [CpRhP (CH,) ,C-H. (CO) CH, ] [B (CH, ) ] 


A solution of sodium tetraphenylboron (0.25 g, 67s nel) in 
ee OL ers ibaa was added slowly to CpRhP (CH) .CH. (COCH,) - 
Pole 0.5 mmol) in.l0 ml-of methanol. [Avpaleeorande 
precipitate formed immediately, but this quickly became 
wire Arcer stirring for L he sehesprecipitalewwas Tiricercd 
off, washed twice with 5-ml portions of methanol and once 
with 5 ml of pentane. After drying in vacuum, the yield of 
microcrystalline white product was 0.32 ¢ (908). 

The same procedure was used to form the very pale 
yellow [CpRhP (CH) .CgHg (CO) CH CHCH)]” (B(CgHg) 4] from 

ibe. ae 8 6) 0 te 


CHCHED.GL. 
CpRhP (CH,),CH, (COCH, 5) 


iodide 
Preparation of CpRhP (CH) oCgH, (COCH,) I. Methyl iodi 


(0.34 g, 2.4 mmol) was Badecu a solution of CpRh (CO) - 


LS 


P(CH,) CH. (0.33 Gg, ‘Le0ummol) 1720 migot dichloromethane 
ea the mixture *stirred for] hr. The solution was -concent-— 
rated to about 1 ml and hexane added very slowly to yield 
@ark red crystals (0.34 g, 71%). 


3) 9 gH, (COCH,) 1 was 


Thescobalt derivative ‘CpCoP(CH 
prepared by a similar method from CpCo (CO) P (CH,),CH. . 
Tre latter was formed by refluxing CpCo (CO) 5 with excess 


phosphine in hexane solution. 
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CHAPTER M/E. 


NUCLEOPHILIC PROPERTIES OF CYCLOPENTADIENYL- 
(TRIPHENYLPHOSPHINE) CARBONYLIRIDIUM 

Some oxidative addition reactions on CpRh (CO) P (CH) .- 

CoH. have been described in Chapter VI, and so it seemed 

a Similar study of a corresponding iridium compound might 


prove fruitful. The compound chosen was the triphenyl- 


phosphine derivative Cpir(CO)P(C.H,) , Since this could 


Be very conveniently prepared as described below. 


The strong resemblance of CpCo (CO) , and Fe(CO). has 


5 
Sereenepesn noted (182,162) and thus the phosphine-sub- 


stituted cyclopentadienyldicarbonyl compounds of rhodium 
‘and iridium might usefully be compared with the phosphine 
substituted pentacarbonyls of ruthenium and osmium e.g. 


Ru (CO) ,[P (C,H The, oxidative addition reactions 


5) 3)2° 
of the latter systems have been well studied by Collman and 


Roper (168,183,184)-. Osmium compounds were found to give 

yt a 
Stable ionic derivatives, e.g. {OsBr (CO) ,[P(C,H.) 41], Bray 
as intermediates in the formation of the neutral dihalide 
(168). ee: ionic intermediates could be isolated for 


the analogous ruthenium systems (183). This was attributed 


to the heavier transition metal having more strongly bound 


Carbonyl groups (168,185). In comparison, CpRhP (CH) 5 


C_H.(CO) reacts with halogens to give unstable ionic inter- 
G55 % 


mediates which could only be isolated wrth aVEPLcurey. 2 be 


x é e iridium com- 
might be expected, therefore, that comparabl 1 


plexes would give stable ionic derivatives and this has been 


ri. ‘e: je 
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borne out by the work reported here. 


RESULTS AND DISCUSSION 

Cyclopentadienyltriphenylphosphinecarbonyliridium 
(XXXII) has been reported to form by “the” slow -reaction-of 
CpIr(co)., (XXXIII) with triphenylphosphine. However, in 
enas Kinetic study (131) the product was poorly character- 
ised. Thus using P(CeH.) 3 and XXXIII prepared by the 
procedure of ‘Fischer and Brenner (120) high yields. of 
AXXII could be expected. Unfortunately the required 
intermediate, Ir (Co) ,Cl, is obtained in ‘good yield only 
by a difficult and very tedious route. 

It was then discovered that treating the well known 
and easily prepared (152) compound [ (CH) P] 54x (CO)Cl 
with sodium cyclopentadienide gave XXXII simply Hes 


fIovetvenuly [ViLolL). This reaction anvol ves) the vdisplece— 


[(C,H.),P],Ir(Co)Cl + C,H,Na —> CpIr (CO) P(C,H,) , 


5) 3 is a 


[Var Lil 


as NaGi + P(CeHE) 3 


ment of a phosphine ligand by theolefinic system, which is 
Similar to the recently reported preparation of CpColP(C,H.) .], 
: oH H and cyclopentadiene. The 

(186) ~ from [(C.H,) P] ,C0(N,) a y p 
derivative CpRh (CO) P(C,H_) 4 may likewise be formed by the 
reaction of sodium cyclopentadienide with [(C.H.) ,P] Rh (CO) Cl 
(160). The latter may be produced in high yield from RhCc1, 

" eee 
via Wilkinson's compound [(C,H.) P] ,RhC1 (160) fas 
doubtful if this method has any advantage compared to the 


known procedure which uses cyclopentadieny 1ldicarbonyl- 
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rhodium and triphenylphosphine (131,174) 6 The reactions 
PeLresnoettcarried:outsin tetrahydrofuran, in which the sodium 
cyclopentadienide was prepared, since compound XXXII was 
found to decompose in this solvent. 

Halogens readily react with solutions of XXXII to form 


mont ciderivatives (XXXIV) without evolutLoneo nm carbon 


monoxide [VII.2]. The compounds (XXXIV) are very stable 
+ 
Ir Se X —————— Ir Xo 
7S. aol [VII.2] 
i C (CoH 
(CoHey 0 6453 c 
XAXXIT 
XXXIV 
@ aa 
Ir 
p a 
(CpHe), 
XXXV 


Compared -to similar 1onic halides "and except, for the enloride 
show no decomposition at room temperature. The reaction 
requires equimolar ratios or a slight excess of XXXII to 
Shield. de formation of the complex anions oa and ae The 
ionic nature of XXXIV was confirmed in each case by the 


immediate formation of a precipitate on reaction with 


Solutions of sodium tetraphenylboron in methanol. In less 
polar solvents the compounds (XXXIV) were almost insoluble, 


and this prevented the observation of nmr spectra in the 


solvents CbC1. Or CCl. 


, 
oi Sete = dee} 


on. 
On refluxing a suspension of any one of these ionic 
halides in toluene, carbon monoxide was evolved to aLiord 
a neutral dihalide (XXXV) with some Gecompossat ton.aethe 
compounds (XXXV) were very stable and quite soluble in 
moderately polar solvents. 
The reactions orsmethy luhalides wathwtheliradiumconm 


plex (XXXI1)calso yield ionic products [CpIrP (C<H.) ,(CO)CH,]” 


Ri SCH, CL. (XXXVI) [VII.3]. The presence of solvent in the 
& 
fie Cre ee ree | 
ee r 6 be : 
Hack : 110° i | ane 
r © (C-H-} 
(Cee), 0 653 : 
AXXT OO 


crystals was confirmed by analysis and nmr spectroscopy. A 
limited number of other alkyl halides undergo this reaction, 
for which a kinetic study has been made (174). Some steric 
str ctions seem to apply althougm Chey are noc som eeverc 
es) in analogous rhodium’ reactions .*” There can be Fitttre 
restriction on chain length, for n-hexyl iodide yields a 
stable product. Under the Same Conditions Initared ~pecrro— 


scopy gives no evidence of the required product With 1S0— 


propyl iodide. Thus the reaction seems limited to primary 


halides. 


Typical of nucleophilic attackt.om any l haliudes® the 
Pare tor Teaction 1s in the ‘order IV sr" - Cl *CES 7) "ard "a 


product is formed easily with the activated benzyl iodide. 
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inese tonic alkyliridiam complexes tend to form oils 
ga tier preparation ‘but ‘solids Yésult using the solvent 
mixtures dichloromethane/diethyl ether or dichloromethane/ 
benzene rather than dichloromethane/hexane. ‘The presence 
of dichloromethane in the crystals appeared independent of 
the three possible mixtures used for recrystalli sation mand 
even high vacuum did not remove this solvent. It remains 
unclear why dichloromethane is held strongly in the crystal 
factice of most alkyl halide ‘derivatives’ but/ads not Yetained 
by the derivatives of serbisin iodide or perfluoropropyl 
iodide or the ionic dihalides. 

The reaction of methyl iodide with a similar rhodium 
system was found to give a neutral acvl compound CpRhP (CH,) 5 
ee COCs) I Pry 234 presumably via an tonta Seeee se 
analogous to the complex (XXXVI). Use of heat to encourage 
Eye nucleophilic attack of iodide zon*on [CpIrP (C¢H.) , (CO) - 


CH b: might also be expected to give an acyl compound; 


33 
however, refluxing in toluene was found, by observing the 
carbonyl absorption frequency, to give a high “yield*os8 

EXEL, It seems reasonable that an equilibrium between 


the compounds XXXII and XXXVI [VII.3] is displaced by 


removal of methyl iodide into the gas phase and this results 


in the reforming of XXXII. 


The nucleophilic character of XXXII is evident from the 


reactions already mentioned but is greatly emphasised by 


8 
treatment with acids. The protonation of d™ complexes by 


strong acids is well known (168,184,188). The compound 
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POEL)» LS shown by a, SHift an. the Carbony. stretching 
frequency CO) 20163 Ee bow be, protona ted.by, mosit moderately 
Song ,acids. Silicotungstic acid as would be expected 
(30) gives an Primed te precipitate on reaction with 

XXXII in acetone solution. Derivatives with the oxidising 
acids, perchloric and sulfuric, rapidly decompose and those 
with halogen acids dissociate in solution. A pure product 
could be ae however, using hydrogen bromide and 
quickly reacting the protonated compound with sodium tetra- 
phenylboron. 

Lewis acids were similarly found to form adducts with 
XXXII. Boron and aluminum trichlorides afford products 
which could not be isolated in a pure state but adducts were 
characterised with zinc bromide, mercuric chloride and 
thallic chloride... Informing these adducts it is ~mecessary to 
Eboe exactly equimolar ratios, since purification cf the pro- 
ducts is very difficult. Kemmitt and coworkers (110,111,189) 
bave shown, that a.number of are compounds.can £ormmvadducts 
with mercuric-halides and of particular interest is the 
related iridium adduct CpIr (C,H, ,)«HgCl, (110). Adducts with 
zinc and thallium compounds are unusual since few such com- 


plexes have been formed between these metals and any 


transition metal (190). 
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: E27. 
Infrared Spectra. The compound XXXII exhibits a Single 
carbonyl absorption at the same frequency as that of an 
authentic sample of CpirP(C-H,) (CO) prepared from CpiIr(CO) 
and (CoH.) .P. This is at a frequency (Table XV) below the 
rhodium analogue as seems to be usual for the carbonyls of 
third-row transition metals compared to second row GES 
185). This has been attributed to the lanthanide contraction 
in the Group VI hexacarbonyls (185) and such an explanation 
sould be equally valid for Group VIII carbonyls. 

the formation of 16ni é? derivatives @f Sxl snd cons 
Sequent increase in formal oxidation state and effective 
electronegativity of iridium causes the usual increase in 
che carbonyl stretching frequencies (191). The extent of 
this increase is affected by the electron-withdrawing ability 
of the added substituent on the metal; the change, observed 
momDe. ta the order’ Cie > Br = Ll & Hee CH, > R, could there- 
fore have been predicted. 

The adducts with anBro, HgCl. and T1Cl. also show 
increases in carbonyl stretching frequencies depending on 
the acidity of these halides; Lewis acids can be expected to 
remove charge from iridium although there is no formal 
increase in oxidation state of iridium. The spectra of the 
adducts were taken in acetone and Nujol mulls as well as 


the ubiquitous dichloromethane so that comparisons could 


be made with such derivatives as CpRh (CO) 4. HgCl, and 


CpCo (CO) 4: HgCl. (THO, lL 83h. q@thes lacees derivatives were 


found to dissociate in acetone, whereas. this as mot sso 


‘HaC1l. This may be attributed to the 
for CpIrP (C,H,) 3 (CO) g 
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Peoder basicity of XXXII, although a complex of XXXII with 


the weaker Lewis acid, 4nBr, does dissociate in acetone. 


oe NMG SS DECTI ai. At least two sets of resonances were 
observed in“each spectrum (Table XVI) and these can be 
attributed to the phenyl protons of the phosphorus ligand 
and the cyclopentadienyl protons. The phenyl resonances 
show typical complex structures and thus for each compound, 
only as ChemicGal shift Of the most (intense, Linemis 

disted in Table XVI. 

spectral data were obtained for most compounds. 
oe thexvionic dihalides “and the neutral Bewis: acid 
adducts did not allow measurement since they were too 
insoluble in the common solvents, deuterochloroform or 
Carbon tetrachloride. 

As expected, phosphorus caused the cyclopentadienyl 
Tesomances to appear as doublets and the size sof this 
coupling Was;similar to thatein related) rhodium compounds 
Glave: SL iL). 

The unique iridium proton in the compound 
[CpIrP (C,H) ,(CO)H] [B(C,H.) ] was confirmed by a broad 
doublet at high field; the doublet is clearly due to 
phosphorus coupling, and the wide nature of these peaks is 
probably caused by coupling to the five cyclopenvadieny | 
protons (see nmr discussion of CpCORh (H) Si(C;H,),, Chapter 


V) The cheilical shift and coupling emstantzof mthe single 


proton were in agreement with other -phosphorus~-substituted 


iridium hydrides (e0iett 935194). 
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' TABLE XVI (continued) 


Footnotes to. Table XVI 


a Measured at 60 Mc at 40°, 


D the SevynbOle Rh refers “to the alkyl “protons or single 
Beercou arrectly attached to. iridium. 

© Recorded in Cos. 

3 These derivatives exhibited one resonance at T 4.70 
(+ 0.02), Regt ee oecuinee to, one: proton), *attributeablewto 
dichloromethane. 

© Refers to center of unresolved reeeiies and the 
number in brackets corresponds to the number of protons 
by integration. 
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The spectrum of this compound was recorded at 100 Mc. 
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For the methyliridium complexes [CpIrP (C,H,) , (CO)cH,]"~ 
m® , the resonances are independent of X as would be predicted 
for such ionic compounds. The couplings of phosphorus to 
the cyclopentadienyl and methyl protons are consistent with 
those in [CpRhP (CH) 4C,H, (CO) CH] 7 ([B(C.H,) ,]” (see Figures 
20 and 21), confirming the tentative assignments made for 
foe Latter compound, The ethyl, hexyl and benzyl derivatives 
Grex Xlt give complex resonances for the alkyl group; in 
Pecticular the o methylene group (and possibly a, 8 methylene 
Seomp) would be expected to exhibit an AB pattern due to 
the asymmetry around iridium, and further splitting is likely 
from coupling to phosphorus and.8 protons. The resonances 


of each compound were found to integrate correctly. 
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EXPERIMENTAL SECTION 


ee 


The reaction methods employed were as described in 
previous chapters. The collection of microanalytical 
(Pable XVII) and physical data were also made by pro- 
cedures already mentioned. 
The starting material [(C.H.) ,P],Ir(Co)Cl fotten 
known as Vaska's compound (195) although first prepared by 
Angoletta (196)] was prepared by the method of Collman 


Sr at (152). Wilkinson's compound [(C.H,) P],RhC1 was 


3 


obtained using the original synthesis (160). 


Preparation of CpIrP(C-H,) (CO). A IM solution of sodium 


3 


cyclopentadienide in tetrahydrofuran (20 ml) was evaporated 


a ern nr een 


to dryness’. Benzene (LOU imi) Tame [(C.H.) ,P] Ir (Co) cl 

[Boo Gg; 5 mmol) were added and the mixture refluxed for 6 
meer tre, cooling and filtering through a@ short column 

Cee florisil’the filtrate was concentrated to 5 ml. Addigion 
Oe hexane, (25 ml)\.and, cooling /t60, «15° yy reldedwbricgh i wonange 
Grvetals of product (1.64 g, 3.mmol, 603). 


Preparation of CpRhP(C,H,) 3 (CO). Tristriphenylphosphine- 


ren ey 


rhodium chloride (1.0 g, 1.08 mmol) was suspended in benzene 
(25 ml) and carbon monoxide was bubbled through the mixture 


mor, iar After this time the solid and solution had become 


pale yellow, indicating the formation of [ (C,H.) ,ARh(CO)Cl. 


al i 1 5 
This product was reacted as was [(C,H,) 3P],ir(CO)Cl in benzene 


solution with excess sodium cyclopentadienide (6 ml of 1M 


solution in tetrahydrofuran). Using the work-up procedure of 
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‘the analogous iridium system, Orangencryetalsaeof the 
required product (0:24 g, 0.51 mmol, 483%) were obtained, 
Mmepeclosh=— 155°» (literature +:53° CUS h) Ye Lehre lvs ne it ex 


CpRhP (C. (CO bacaa heullated Che6249.0: He 4:40 Found 


Bes 
e663 634218, +4.22, 


Pee oaration of [CplrP(C-H.).,(CO)CL] CL . The compound 


Oe Se 3 


ORT A OL CC EE RE AT SO ES AN NC ae 


CpIrP(C-H,) , (CO) (O.35°¢g, 0.64 mmol) was dissolved an 


eoluene (10.°ml);, cooled..to.liquid nitrogen temperature, 
Peecatorine was (0.099, 1a27 mmol) Gistilled an? whe 
mixture was allowed to warm to -78°, and excess chlorine 
was removed under: reduced pressure. Addition of pentane 
(10 ml) and warming to -30° yielded a light yellow micro- 
crystalline powder. This was collected and washed twice 
wee )LO-mitportions vof pentane, keeping the ttemperna tune 


@tose tion -30° 2, After “drying undershigh wacuumprthe yield 


wee01e3'4 .g,) 0.55 mmol, .86%. 


+ = , 
Preparation of [CpIrP(C,H.) ,(CO)Br] By 2. VASSolution yor 


bromine (0.10.g, 0.63 mmol) in dichloromethane (10 ml) was 


added to a starved Solution oF CpirP (C,H,) , (CO) CONS ons 
0.64 mmol) in dichloromethane (10 ml). After 10 minutes, 


hexane (20 ml) was added and the mixture was cooled ta 0%, 


The small yellow crystals of product which formed were 


collected, washed with pentane (5 ml) and dried (yield 


aga, ISS) 
A similar procedure using iodine in place of bromine 


eae : 4 : 
Wee cea to prepare [CpIrP (C,H,) (CO) I] I in 85% yield. 
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Preparation ’ of CpIrP(C-H.) Cl... TRE Lonicl derayatave 


es Af es teen 


pepaeP (C PH. )S.(coycl]!e1, (0.20 g, 0.32 mmol) was refluxed 
pmetoluene'(20°ml) for 3) dayss*°After filtering’ off some 
black decomposition product, the filtrate was cooled to 
P4a5'+to afford yellow crystals of the required product 
hen org, 0.08 mmol). 

Using this procedure, the neutral complexes 
CpirP(C.H-) Br. and CpirP(C,H.) 1. were prepared from the 
ond ne LON LC eae en reaction times of 3 days 


and 12 hr respectively. 


; POPS as a 
Paecparavion of [CpIrP (C,H_) . (CO) CH,] ce -5CHSC1.. Methyl 


Sitorade( 2’ ml) was/ distilled into acCarius? tubesan whieh 


———— 


had been placed a sample of CpIrP(C.H.) , (CO) 0. 30. 45. OBES 
mmol). After sealing and allowing the mixture to stand at 
room temperature for 5 days, excess methyl chloride was 
removed under reduced pressure. The solid residue was 
taken up in dichloromethane (3 ml) and this solution added 
Slowly-to-30-mil-~of-stirred-diethyl-ether -—-The-resulting 
white precipitate was collected and recrystallised from 
dichloromethane/diethyl ether to give Silvery white crystals 
WOead, O42 mmol): 

Methyl bromide was reacted similarly for a period of 
3 days with subsequent recrystallisation from dichloromethane/ 


i 


+ - 
hexane to give [CpIrP (C,H,) 4 (CO) CH] Br .5CH»CH,. 


ee Mert 
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Wer: 


5 A sample 
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Preparation of [CpIrP (C,H) 3 (CO) CH] cc oC1,- 


eee 


of CpirP(C,H.) 3 (CO) (0.55 g, 1.0 mmol) was dissolved in 
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dichloromethane (10 ml) and methyl dedide (1.0 gq) 7,00 mmol) 
added. The mixture was stirred for 15 min and hexane (40 m1) 
added. A white crystalline precipitate formed which was 


recrystallised from dichloromethane/hexane CEBU ES Wa lee MeO aN Sal whey 


893). 
BS . ; is f +i— 1 = 
PLepacation of [CpIrP(C-H,) ,(CO)C.H,] i -5CH,Cl.. Ethy L 


moetae (208ml, 33.9" 9, 25 mmol) was ka CO-a SOLU tron 

of CpIrP (C;H.) (CO) (0.55 9g, I.S0 mmol) in “dichloromethane 
(10 ml). The mixture was allowed to stand for 48 hr and 
evaporated to dryness. The residue was recrystallised from 
dichloromethane/benzene to give silvery-white crystals. 
Subsequent recrystallisation from dichioromethane/hexane 


afforded the-analytically pure compound (0.38 g, 0.51 mmol, 


Benzyl iodide was reacted in similar fashion for a 
+_— 
pemion of La hr to yield [CpIrP (C¢H,) , (CO) CH,C,H. ] I 


Preparation of [CpIrP (C,H,) 4 (CO) C,H) 4] I .5CH,Cl,. Di- 
chloromethane (5 ml) was TERS to dissolve CpirP (CH) .(CO) 
(0.35 g, 0.64 mmol) and n-hexyl iodide (10 ml, 1.44 g, 

Gu G deat added. After one week, solvent and excess halide 
were removed under reduced pressure. The remaining solid 


was recrystallised three times from dichloromethane/diethyl 


ether to afford the réquired product (0.24 9g, 0.30 mmol). 
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Preparation of [CpIrP (C,H,) 3 (CO)C3Fo] I. The compound 
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CpIrP (C¢H,) . (CO) (0.30 g, 0.55 mmol) was dissolved in 


dichloromethane (5.mt),,.%he solution ,goolted to ~~ hO. ein 
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perfluoropropyl iodide (3.0 g, 10.1 mmol) added. The mixture 
was allowed to attain room temperature over a DetLOd son 7 nr 
and hexane (10 ml) added. The solid produced was collected 
and recrystallised from dichloromethane/hexane to yield yellow 


Brvstals (0-28; "07 33° mel, 618) . 


; 3 4 - 
Preparation of [CpIrP (C(H.) . (CO) H] [B (C,H) J]. A sample 


ot CpIrP(C;H,) (COPSt0O.35 g, 0.64 mmol) was)-dicsolved an 


= 
dichloromethane (10 ml) and, after cooling te =—J70°, hydrogen 
bromide was passed through the solution until the yellow 
color had completely disappeared. Addition of pentane (30 ml) 
and warming to room temperature produced small white 

(oysteis which were collected, washed with two 10° ml portions 
memocotane and dried. Part of this product (0217 -¢)) was 
dissolved in methanol (10 ml) and a solution of sodium 
Pecpapnenylboron (0.17 g, 0.50 mmol) in methanol (10, m1) 
immediately added. The solution was stirred for 10 min and 
the white precipitate which had formed was collected. After 


washing with two 5-ml portions of methanol, S-ml ef pentane 


and drying, the yield of product was 0.20 g, 0.23 mmol. 


Preparation of CpIrP(C;H.) ,(CO)-HgCl.. Mercuric chloride 


(0.174 g, 0.639 mmol) was dissolved in a 1:2 methylethyl- 
ketone:benzene mixture (10 ml) and a solution of CpIrP (C.H,) .~ 


(CO) (0.350 g, 0.639 mmol) in the same solvent (5 m1) was 


added quickly with vigorous stirring. The. resultant pale 


yellow precipitate was collected, washed with acetone (10 ml) 


and dried (yield, 0.473 gr 0.578 mmnod). 


Reactions with zinc bromide and thallic chloride were 
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carried out using the procedure outlined above; however, in 
ene former case, the final washing was done with the 
methylethy|lketone:benzene mixture, not acetone. Thus the 


ola ame: “Zt i -T1C 
gc Peh (Coie) 3 (C0) 2nBr. and CpIrP(C;H,) (CO) T1cl. 


were produced. 
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CHAPTER WY Le 


fe LUDDY OF CYCLOPENTADIENYL (TRIPHENYLPHOSPHINE) - 


ETHYLENERHODIUM AND RELATED COMPOUNDS 


ae 


It has been seen in the previous two chapters that 
the compounds CpMLY (M = Rh or Ir, L = phosphine and 
Y = CO) can undergo oxidation: (i) with retention of 
Y to give an ionic compound [VII.3]; (ii) with insertion 
of Y into a newly formed bond [VI.3]; (iii) with complete 
elimination,of ¥ .[VI.1L]. Ligands:other ‘than CO might 
behave similarly but in order that the three modes of 
reaction can remain, Y must be capable of acting as an 
insertion reagent -(197,198).. The other possibilities for 
Weare. then .virtuably -limited.to.1socyanrdes: (199) » sulbtux 
Penocunc eu 200)..02 sobGtime: (20197202) 203,204)": 

The compounds chosen for study were CpRhAL(CH,), 
Since reactions of ethylene derivatives have implications 
for a number of olefin analogues and such compounds might 


hawerappiications (n,,thepfiield of icatabyeic e( 203) % 


RESULTS AND DISCUSSION 


By analogy with the preparation of CpRh (CO) P (CH) 5- 


ee rom CpRh (CO) 5, (Chapter Vi)! Lt migne: be considerec 


G5 
that a Ligana could displace ethylene from CpRh (CH) 5 


to afford a compound of the type CpRhL(C.H,). pThas 


reaction only takes place if L has some Lewis acid 


character (as mentioned in Chapter IV), presumably 


because there is no mechanism for attack 1f Gos, avpase 
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such as triphenylphosphine. In a £6-electron rather than 
de-electron system there is a means Of attack, tor ans le 
electron complex could form as an intermediate. Thus 
displacement cf ethylene by triphenylphosphine was attempted 
in acety lacetonatobisethylenerhodiun. SUDStUEUELOnnos 

one ethylene ligand was achieved in similar fashion to the 
substitution of carbon monoxide in acetylacetonatodicar- 


bonylrhodium (206). Subsequent reaction of (CH COCHCOCH ,) ~ 


3 
Rh (CjH,)P (CB) 4 with sodium cyclopentadienide gave the 
required compound, CpRhP (C-H,) 4 (CjHy) (XXXVII) in moderate 
yield. 

Attempts to prepare the analogous triphenylarsine 
complex by this method were without success; this seems 
tOebe attributable to incomplete replacement cf a single 
ethylene ligand from (CH.,COCHCOCH,) Rh(C5H,) 5 at temperatures 


where general decomposition was minimal. 


Another possible method of obtaining the compound 


& is by using the route employed for 
CpRhP(C(H.) . (CoH) is by u g 


CpRhP (C¢H.) , (CO) (see ‘Chapter Vil), theatres, ta displace 
triphenylphosphine from Wilkinsen's compound, [ (CoH) .P],- 
RhCl, giving [(C,H,) ,P],Rh(CoH,)C1 (XXXVIII) and reacting 
this product with sodium cyclopentadiGmide.@ Tae ethylene 


in XXXVIII is very labile (160) and appears to be lost 


so easily that it is not retained in theflatter reacezon:. 


In the arsine complex analogous to XXxXVIIT (207) the 


ethylene is not as labile and so. reaction JIVILi.2d)) affords 


2 ‘p h PBS A. ie 
a reasonable yield of CpRhAs (C,H,) ,(CH,) ( ) 


~. ‘i 
; i 
. = < 
¥ r ond | i; t ned 
‘ = ' * ata 
= Vy > 2s 


} 5 Si S 
' 
« .. = 
5 See se ‘Shy (tes 
_ 
. “—? 2 br pe fit as ; 


ise M apa f gneten 
. on a 


f 
(> ea 
aa 
' ~~ 
ara 
=e 2’. oF 


; ‘ “aw hee Sm “ite 


@ 

. 

. 
- 
; 
* 


etd o ite J oe aba ae fs me sith ity 


ol Sa-os) areaqtp bre, ‘nae i. 
— ‘ ig yi : 
eee — ; ‘ : re sh oom 
MOLE OSOoe F weer at aris i bovekes 


4 
i 
. ~e 
re 2 fa | 


a 


< OOD Rone 9 ean 
ty > hoe tet “be 2 , et va 


144, 


[(C.H.) As], RA (Co! 1,) C1 CpRhAs (C(H.) , (CoH, ) 
a XXXIX yal ees 
+ C.H.Na 
+ Nacl + As (CcH,) 


Reactions of halogens with XXXVII can be anticipated 


to give compounds of the type CpRhP (C,H (137 likeand 


5) 3% 


Pies Was confirmed hy the teaction with todinésiVibial . 


CpRhP (Col + I ——> CpRhP(C-H 


NCS 209 - ie ate 
5, Sy Ae 2 Oar gS: 72 [VIIT.2] 


This reaction presumably takes place vta an ionic inter- 
Pies Rsee si Ver) AP bueno evidence tor “tiie was actua my 
GnSseiey end). 

Pnveene reaction of methy) Wodide with xXxXViT, a pale 
colored solid was formed initially, presumably [CpRhP (Cp B,) 47 
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previous work (Chapters VI and Vip toa be typical of tonuc 
compounds of this type. The intermediate (Xl) rapidlg¢ 
decomposes with elimination of ethylene to form CPRhP (C-H,) .~ 
CH. 1 (XLI). Although the ionic derivative (XUL) could not 
Bemab tained in a pure State it was possible to iselate the 
arsine analogue by reaction of XXXIX with methyl iodide. 
This is consistent with a comparison of the compounds 
[(C HH.) ,P],Rh(C,H,)Cl and [(C oH.) ,As] Rn (CjH,)Cl, where 
ethylene is lost more easily from the former than from the 
latter. 
For both phosphine and arsine reactions [VIII.3] 
there was evidence for small yields of diiodides, CpRhLI,. 
Since an attempt was made to ensure that the methyl 
iodide was free of iodine initially, either iodine was 
produced by a mechanism which may or may not involve the 
transition metal or the compound CpRhLCH I undergoes a further 
reaction. More work is necessary to clarify this feature. 
Reactions similar ‘to (VII.3] occurredVon reacient of 
XXXVIL with methyl bromide or benzyl bromide but no ionic 
intermediates were observed. Stannic bromide yields the 


SnBre: although 2at.did not seem 


)3 8 
his compound, by the, reaction Of tee 


compound CpBrRhP (C,H, 
possible to prepare t 
phenylphosphine with CpCOBrRhSnBr.. 


1 


H NMR Spectra. The parameters obtained from measurement 


of the a mmr spectra are listed in Table XVIII and some 


of the spectra are shown im Pigures 22, 23 and “24. The 


cyclopentadienyl and phenyl resonances were Similar to 
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those observed for related compounds in Chapters VI and VII. 

The Li nmr spectrum of CpRh(C5H,) 5 has been discussed 
in detail by Cramer (104), and in particular the energy 
associated with rotation of the ethylene ligands was 
determined. At the temperature of 40° employed for the 
work reported here, the ethylene resonances for compounds 
(AevViL and XxXXTM)Pmare Little changed from those observed 
for the parent bisethylene compound (104). Deuteroacetone 
was used as solvent for the ethylene derivatives reported 
here since they seem to be unstable in chlorinated sol- 
vents. 

The spectra of the compounds CpRhP (CH,),CH, 
(Figure 22) and CpRhAs (C(H.) ,CH,1 (Figure 23) were useful 
in confirming the assignment of rhodium and phosphorus 
COupting- to both methyl and cyclopentadieny], protons. 

It can be seen that phosphorus has the larger coupling 
EO both of thaése sets of protons. 

The asymmetry of the compound CpRhP (CH) , (CHC. H.) Br 
was confirmed by a chemical shift separation between the 
resonances of the two methylene protons (208). The 
difference between this chemical shift and coupling con- 
stants was determined by measurement of the spectra at 
100 Mc as well as 60 Mc (Figure 24). The expected AB 
pattern was further split by coupling to rhodium and 
phosphorus. Very different couplings were observed from 


phosphorus to the individual methylene protons, as has 


been found for the related compound CpCOFeP (C,H, ) ,CH,Si- 
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PIGURE 22: The “H NMR Spectrum of CpRhP (c He) CHI. 
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FIGURE 23: ‘The 


H NMR Spectrum of CpRhAs (C(H.) ,CH3I. 
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FIGURE 24: The tH NMR Spectrum of 


CpRhP (C(H.) , (CH)C¢H) Br. 
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(CH) 3 (J, p = 2 cps, Jecp oes) TCleL) a ltetew eerest 
bmg to note that in contrast to the gem-protons mentioned 
nere, gem-methyl groups in, for example, CpRhP (CH,),CH. - 
(COCH,)Br, appear to couple equally to both rhodium and 
phosphorus. 


All resonances were found to integrate correctly 


for the formulae proposed. 


dessa 
EXPERIMENTAL SECTION 


The reaction methods employed were as described 
in previous chapters. Microanalytical (Table XIX) and 
physical data (Tables XVIII and XX) wére. collected in 


ways already mentioned. 


the starting materials (CH , COCHCOCH Rh(C (TOA) 


3) Ha) 
and [(C HH.) ,As],Rh(C,H,) Cl (207) were prepared by liter- 


ature methods. Other reagents were obtained and purified 


es described previously. 


Preparation of (CH, COCHCOCH ) Rh (C,H, ) P(C.H,) A solution 


a 


aS) 4° 


re 


Sree cosnly crystallised triphenylphospnine (2525 G, 4ac 


mmol) in dichloromethane (5 ml) was added slowly to 
(CHCOCHCOCH.,) Rh(C.H,) 5 (1.2 g, 4.8 mmol) also dissolved in 
dichloromethane (5 mi). Evolution of gas took™place, and 
meee estilring the mixture £0r" 1 Nrsena, concentrating co 

5 ml, hexane (20 ml) was added. Orange crystals of pro- 


cuct Gl 26.¢, -2.56.mmol,, 533) Were OblLai ned vousgcoomi mga ko 


es 


Preparation of CpRhP (C;H.) .(CoHy). A SOLUC LOM Of clhisodium 


cyclopentadienide (10 ml, 10 mmol) in tetrahydrofuran was 
evaporated to dryness and to this was added (CH, COCHCOCH ,) - 
=20 2.56 mmol) dissolved in benzene 


(30 ml). The mixture was stirred for 24 hr and filtered 


fNnrough a short column of Blorisil, The wesulting orange 


Solution was concentrated to 5 ml and hexane (20 ml) added. 


Cooling to -15° afforded orange crystals of the required 


compound (0.61 g, 1.33 mmol, 52%). 


1B 2b. 

Preparation of CpRhAs (C-H.) ,(CoH,). Benzene. (30 sm) iwas 
used Pape wai? ie [(CgH,) sAs] Rh (C,H,) C2 (3:5 38) Cin u4: 6.9.8 ammo.) 
and the solution added to dry solid sodium cyclopentadienide 
formed oh eeicieaye ee of a 1M solution ian? tétrahVdroturan 

CS ml). The mixture was stirred for two days, filtered 
eager a short column of Florisil, and concentrated to 
5 ml. Addition of hexane (20 ml) and cooling to -15° pro- 


duced orange-red crystals of the required compound (0.96 G; 


eo mmol, 38%). 


Preparation of EEE Wie sp eatioias The compound CpRhP (C.H.) 47 
(CoH,) (0.23 g, 0.50 mmol) was dissolved in dichloromethane 


Pied and todine (0.13 gq, 0.50 mmol) sadded.. JAtterastir ming 
for 30 min, hexane (10 ml) was added and the mixture cooled 
to 0°. Fine black needles of product (0.30 g, 0.44 mmol, 


88%) were isolated. 


Preparation of CpRhP (C;H,) ,CH,1. Methyl todide “(3.0 mi, 
6.8 g, 48 mmol) was added to CpRhP(C;H,) 4 (CoH,) (0.40 g, 
0.87 mmol). Complete solution took place and then a very 
Pale solia rapidly precipitated our, This precipitate 
Shae in dichloromethane to give a very dark solution 
which was chromatographed on a column of Florisil using 
dichloromethane as eluant. First collected was an orange- 
red band and then a very deep red band. The solutions 
containing the two bands were individuadikly concentrated to 

a small volume and hexane added to give crystalline products 


on cooling. The first product was found sto. be spuse 


re « aa UY VA IY i 


4) pee 
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CpRhP (C-H.) ,CH 41 LO 3 4etG rnc) whe TMObyGO 2). ache second 
(0:705.g) was found Spectroscopically to be predominantly 


the diiodide with some of the methyliodo-derivative. 


4 With CH,1. The compound 


Reaction of pen ogee 
CpRhAs (C-H_) .(C,H,) (0.29 9) 0.58 mmol) was dissolved an 


methyl iodide (0.50 ml, 1.14 g, 8.0 mmol) and after stir- 
ring for about 1 min a light precipitate formed. Diethyl 
ether (20 ml) was added and the solid collected. This 
was recrystallised from methanol/diethyl ether to afford 


+o — 
pale yellow needles of [CpRhAs(C(H,) ,(C,H,) CH] I CORI = ar 


0.19 mmol, 32%). The remaining methyl pode ge a 

ether and methanol/diethyl ether solutions were evaporated 
to dryness and the combined solid residues dissolved in 
drebtoromethane (10 +m) »(-After stiscring. for 12, ha the 
solution was subjected to chromatography on a column of 
Bitonnsi | weeh dichlorometnane.as Selvent yeeAeuedr-ouancge 
band was collected first and was followed by a red-brown 
bande The solutions -containing (the twe-bands weressepar-— 
ately evaporated down to 5 ml and pentane (20 ml) added. 

The first product, which formed as orange-brown crystals, 
was shown to be CpRhAs (C,H,) ,CH31 (O0098 ge 0. bs mmol Sees 
The second Sanna afforded. black Crystals of CpRhAs (CH) 3- 


I, (OL 0 -g, 0201 mmol, 2%). 


—— 


Preparation of CpRhP (C,H,) ,CHBr. The compound CpRhP (Cp H,) 4- 


——————_—_—__—_—_—__—_—_--- en nvxav—aeen . +3 
(CpH,) (0.40 g, 0.87 mmol) was placed in a Carius tube and 


methyl bromide (3.5 g, 37 mnol) was added by distillation. 
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After sealing, the mixture was allowed to stand at room 
temperature for 3 days and excess methyl bromide then 
removed under reduced pressure. The resulting solr 

was chromatographed on a #lorisil column using dichloro— 
methane as solvent. The required compound appeared as an 
Orange band and was first to be eluted. A small red band 
remained on the column but this could not be removed by 
dichloromethane. The solution of CpRhP (C¢H.) .CH,Br was 


concentrated to 3 ml and hexane (10 ml) added to afford 


Dio Orange crystals (04528 g, 0.53 mmol, 61%):. 


Preparation of CoRhP\( CoH.) , (CHC(H,) Br. Benzyl bromide 
(1.0 ml, 1.44 g, 8.4 mmol) was added to a solurionsot 
CpRhP(C (HL) 4 (CoH, ) in dichloromethane (5 set After 
Siar ingetom L2ehrethe mixtune was subgected to chromat— 
ography on a Florisil column using dichloromethane as 
Cluant. SThe. firstadark ved band. was collected, con-— 
centrated to 5 ml and hexane was added. A small yield of 


a compound presumed to be CpRhP(C.H,) ,Br, was first 


obtained but addition of more hexane gave the require 


compound (0.24 g, 0.40 mmol, 403%). 


Preparation of CpRhP(C,H,) ,SnBr4Br. Stannic bromide {0°22 4% 


I naam mand OO CT EO a TT ee nat A 
0.50 mmol) was added to a stirred solution Df CpRhP (CH) .- 


(Cer UL ged, «0.00 mmole 1m dichloromethane (15 ml). After 
2.4 : 


l hr, hexane (30 ml)was added to give red crystals, which 
Uy 


were recrystallised twice from dichloromethane/hexane. 


Thus a sample of pure product (0.21 g, 0.24 mmol, 48%) was 


isolated. 
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